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of  erery  art,  which  tended  either  to  supply  thK  ' 
ta  ai\eiMte  the  more  pressing  inconveniencies  &t  i 
hvABR  Kfe,  wer«  probably  coeval  with  the  first  establishnjpnt  ot  ' 
(M  Mci«tJM,  am)  preceded,  by  many  ages,  the  ioventioM  of  )et< 
fen,  of  Mcroglypliica,  and  of  every  other  mode  of  transtnilting  ttf  | 
pOMtttty  fbe  ncnOTf  of  past  transactions.  In  vain  shall  we  i 
^ta«  vko  In«eate4  the  first  plough,  baked  the  Arst  bread,  shaped  j 

fint  pot,  Wore  the  firft  garment,  or  hollowed  oot  the  first  canoej 
Wh0Ck«r  tten  were  originally  left,  as  they  are  at  present,  to  pIcK 
■p  cuoal  infomittoa  concerning  the  properties  of  bodies,  and  ttf 
fclmtigBte  by  (be  strength  of  natural  genius  the  various  relatio 
of  the  object!  mrroimdlng  them  ;  or  were,  in  the  rery  inhncy  of 
ibt  world,  TOpenutuTally  assisted  in  the  discovery  of  matters  eisenv 
tial,  n  It  sbantd  aeem,  to  their  eiisteoce  and  well  being,  must  eraf  ' 
Mnua  mlmotm  to  as. 
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O  BISB   AND    PROORKSS 

thu  is  said  to  be  the  6rst  place  io  which  the  word  alcheny  t9 
Uheil*.     But  Vossius  asserts  that  we  ought,  in  the  place  here  re. 
ferred  to,  iostead  of  alchemia,  to  read  chemia  f :  be  this  as  it  may, 
we  can  hare  oo  doubt  of  alchemia  bein.  compounded  of  the  Arabic 
al  (the)  jnd  chemia,  to  denote  igccelience  and  superiority,  as  in  ai« 
manack,  aUkoran,  and  other  words.     Whether  the  Gn^eks  inTent. 
ed,  or  receiTed  from  the  Egyptians,  the  doctrine  concerning  the 
transmutation  uf  metals,  or  whether  the  Arabians  were  the  first 
who  professed  it,  is  uncertain.     To  chauge  iron,  lead,  tin,  copper, 
or  quicksilrer  into  gold,  seems  to  be  a  problem  more  likely  to  ani. 
mate  mankind  to  attempt  its  solution,  than  either  that  of  squaring 
the  circle,  or  of  finding  out  perpetual  motion  ;  and  as  it  has  never 
yet  been  proved,  perhaps  never  can  be  proved,  to  be  an  impossible 
problem,  it  ou4;ht  not  to  be  esteemed  a  matter  of  wonder,  that  the 
first  chemical  books  we  meet  with,  are  almost  entirely  employed  In 
alchemical  inquiries. 

Chemistry,  with  the  rest  of  the  sciences,  being  banished  from  the 
other  parts  of  the  world,  took  refuge  among  the  Arabians.  Geber, 
in  the  seventh,  or  as  some  will  have  It  In  the  eighth,  and  others  In 
the  ninth  century,  wrote  several  chemical,  or  rather  alchemical 
books,  in  Arabic.  In  these  works  of  Geber  are  contained  such 
useful  directions  concerning  the  manner  of  conducting  distillation, 
calcination,  sublimation,  and  other  chemical  operations ;  and  such 
pertinent  observations  respecting  various  minerals,  as  justly  seem 
to  entitle  him  to  the  character,  which  some  have  given  him,  of  be- 
ing the  father  of  chemistry ;  though*  in  one  of  the  most  celebrated 
of  his  works,  he  mode  stiy  acknowledges  himself  to  have  done  lit- 
tle ^Ise  than  abridge  th**  doctrine  of  the  ancients,  concerning  the 
transmutation  of  metass^.  Whether  he  was  preceded  by  Mesne 
and  Rhazes,  or  followed  by  them,  b  not  in  the  present  Inquiry  a 
matter  of  much  importance  to  determine ;  since  the  forementioned 
physicians,  as  well  as  Avicenna,  who,  from  all  accounts,  was  pos- 
terior to  Geber,  speak  of  many  chfmical  prc'parations,  and  thus 

*  Jul.  Fenni.  Mater.  Aitronomicon.    Lib.  III.  c.  15. 

f  Voss.  EtyflBO.  Vol  Akbmia. 

X  Totam  nottiam  mctallonwi  tnumnQtandonun  icieDtiaiiif  qoam  ex  librit 
antiqnonim  pbilo&ophorani  abbreviavimib,  compilattone  diveria,  in  Dostris  vola* 
■linibiiS)  bic  in  uoam  suminam  redtrfcimm.  Gebri  Alch.  cap.  1,  edition  by 
Zetxner,  in  1512.  In  Tancken't edition,  ia  1681,  the  words,  metallonun  trass* 
iDtttandonioi,  are  omitted. 


or  CHBMlSTIlT. 

Oianmf^iy  «sUblish  the  opinion,  that  m^dit-al  chpmUtrj',  as  well  u 
•tck«Ht]r,  was  ia  thoM  dark  ages  well  understood  by  the  Arabians. 
To»ard>  the  beginnini;  q(  ihf  thirteenth  century,  Albert  the 
Crrat,  in  GermBoy,  and  Roger  Bacon,  io  Fni;land,  began  to  cuU 
livat«  cbembtry  with  success,  excited  thereto,  probubty  by  Ik* 
perusal  of  iome  Arabic  books,  which  alnuC  that  time  were  trank 
Utrd  into  Latin.  These  two  monks,  ttpeciallv  the  latter,  seem  to 
bsTe  a*  far  exceeded  the  common  standard  of  learning  in  the  a^ 
ia  wlucli  Ib'-y  lired,  as  any  philosophers  who  hare  appeared  in  anj^ 
countrjr,  either  before  their  time  or  since.  Tbny  were  succeeds! 
in  (he  foarteenth  and  fifteenth  centuries,  by  a  great  many  emineiA 
■Ml),  both  uf  our  own  country  and  foreigners,  who,  in  applying  • 
(b*nfel*cs  (o  alchemy,  made,  incidentally,  many  useful  discoveriM  I 
in  varioBS  ports  of  chemistry  ;  such  were  Arnoldas  de  Villa  Nova, 
in  Prance;  our  counlrymaa  George  Ripley;  Raymund  Lully,  ef 
Majorca,  who  lirst  intruduced,  or  at  leant  more  largely  explained, 
the  ootion  of  an  universal  medicine;  and  Basile  Valentine,  whosB 
excellent  book,  inlitled  Currus  Anttmonii  Triumpkalii ,  has  coiu 
Ivibat*^  more  thui  any  thing  else,  to  the  introduction  of  that  mott 
■wifDl  mineral  into  the  regular  practice  of  moat  physicians  to 
Europe ;  j(  has  given  occasion  also  to  a  ¥ariety  of  beneficial,  U 
well  U^a  circumstance  which  might  be  expected,  whin  so  ticklisb 

I  •mineral  fell  into  llie  hands  of  inierestrd  empirics),  to  many  per- 
niciowiMntrums.  To  this,  rather  than  to  the  arrogant  seTeritf 
with  itbtirh  Bwile  Valentine  treats  the  physicians,  his  cotemponu 
ri<-s,  aMf  we  attribute  (he  censure  of  Boerhaave  ;  who,  in  speak* 
lag  of  bim,  Mys,  "  he  erred  chiefly  in  this,  that  he  caDimende4 
eiery  aolimonial  preparalion,   ihan  which  nothing  can   be  moi« 

I  foolish,  r*llacious,  and  dangerous;  hut  this  fatal  error  has  infected 
■**ry  medcal  school  from  that  time  to  this*." 

The  attempting  to  make  gold  or  silver  by  alchemical  processei^  | 
had  been  prohibited  by  a  constitudun  of  Pope  John  the  3^d,  wlw 
wu  (Wtated  to  the  pontificate  in  the  year  1316 -f;  and  within 
about  i>n«  hundred  and  twenty  years  from  the  death  of  Friac 
Bacon,  the  nobility  and  gentry  of  England  had  become  so  infattk  i 
Hed  with  the  nations  of  alchemy,  and  wasted  so  much  of  their  sub* 
•ce  in  search  of  the  philosopher's  stone,  as  to  render  the  inler- 
itioB  ©r  government  necessary  to  restrain  their  folly.     The  fol- 
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iDwIsg  act  of  parliuntni,  whick  L^ord  Coke  calls  the  shortest  lie 
ever  me(  with,  was  passed  5  H.  4.  ^<  None  from  heaeeforth  shall 
use  to  multiply  gold  or  silrer,  or  use  the  craft  of  multiplication  ; 
and  if  any  the  same  do,  he  shall  incnr  the  pain  of  felony/'  It  has 
been  sngffested,  that  the  reason  of  passing  this  act,  was  not  an  ap« 
prdiension  lest  men  should  ruin  their  fortunea  by  endeaToaring  to 
make  gold,  but  a  jealousy  Mit  government  should  be  above  asking 
aid  of  the  subject.  <^  After  Raymund  LuUy,  and  Sir  Is^eorgo 
Ripley,  had  so  laigely  multiplied  gold,  the  lords  and  commons, 
OOAcehing  some  danger  that  the  regency,  having  such  immense 
iMasuro  at  command,  would  be  above  asking  aid  of  the  sub- 
ject, aad  might  become  too  arbitrary  and  tyrannical,  made  an  act 
against  multiplying  gold  and  silver*."  This  act,  whatever  might 
be  tlie  occasion  of  passing  it,  though  It  gave  some  obstructloo  to 
the  public  eiercise  of  alchemy,  yet  it  did  not  cure  the  cBsposition 
fer  H  in  individuals,  nor  remove  the  general  credulity ;  for  in  the 
$B  H.  f.  Letters  patent  were  granted  to  several  people,  by  whkh 
tiley  were  permitted  to  investigate  an  universal  medicine,  and  to 
perform  the  transmutation  of  metals  into  real  gold  and  silver,  with 
a  non«obstante  of  the  fbrementioned  statute,  which  remaiaed  in  full 
ferce  till  the  year  1689,  ^hen  being  conceived  to  operate  to  the 
discouragement  of  the  melting  and  reining  of  metals,  it  was  for- 
mally repealedf  • 

The  beginning  of  the  sixteenth  century  was  remarkable  for  a 
great  revolution  produced  in  the  European  practice  of  physic,  by 
means  of  chemistry.  Then  It  was  that  Paracelsus,  following  the 
iteps  of  Basile  Valentine,  and  growing^fomons  for  curing  the  vene- 
real disease,  the  leprosy,  and  other  vimlant  disorders,  principally 
by  tiie  means  of  mercurial  and  antiraonial  preparations,  wholly  re- 
jected the  Galenical  pharmacy,  and  substltuied  in  Its  stead  the  che- 
mical. He  had  a  professor's  chair  given  Mm  by  the  magistracy  of 
Basil,  was  the  first  who  read  public  lectures  in  medicine  and  che» 
tafetry,  and  subjected  animal  and  vegetable,  as  weU  as  mineral  sub- 
stances to  an  examination  by  fire. 

It  seldom  happens  that  a  man  of  but  common  abilities,  and  In 
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t  lir.  Boyke  iftsaifi  by  IwftielMest  to  Wve  precared  the  Kiwel  of  ikU  «a(ii* 
JUX  iiatute,  and  to  have  been  probably  indaced  thereto,  in  conseqaence  of  his 
having  been  persuaded  of  the  ponibility  of  the  trantmntation  of  metab  into 
gold*    See  his  Life,  prefiged  to  the  folio  edition  of  his  works,  p.  8S* 
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tfe»  iMWt  n>tir«d  wniea  of  Vih,  ohs«rtM  such  a  strict  Bv}toTatitr4 
cAoduct,  u  not  to  aRbrd  pTPJudicc  and  (lartialily  suffirknl  niit«rl; 
tardnymg  hi>  character  in  difffre^t  colours  ;  but  sufb  a  great  ai 
irrrgDUr  geirimasl^racehus,  conld  not  fail  of  becoming  alike,  6 
•object  of  the  extremes  of  panegyric  and  satire.  I 
Inglf  been  esteemed  by  some,  a  second  Esculapiu^  ;  other!  I 
Ihovghl  ih»t  he  was  poi»F99ed  of  more  impudrnce  thf 
■hal  bh  repDlatioo  wu  niare  owing  to  the  brutRl  singnlariljr  of  1 
CHlJict,  than  to  the  cares  fae  performed.  He  treated  the  phjFI 
dUB  9t  hl«  tine  «iih  the  most  soltith  tinity  and  illiberal  iniolentM 
Ming  ftem,  that  the  Terj  down  of  his  bait)  pule,  had  more  kna^ 
Mg«  than  all  their  writers;  tho  buckles  of  his  shoes  more  learala| 
than  Gaten  or  Arlcennn,  and  his  beard  more  experience  than  ri 
iSeir  nnlvsrsities •.  Be  reviTcd  the  extravagant  docfritte  of  Raj 
manil  Lull}',  concerning  nn  universal  medidne,  and  unlimely  sad! 
into  btf  grRTC  at  the  age  of  forly-seren,  whilst  he  boasted  himscT 
to  tie  in  possession  of  secrets  able  to  prolong  the  present  period  a 
bnaan  life,  to  that  of  the  sntediluTians. 

Bat  in  wWner  tttimation  the  merit  of  Paracelcas  as  a  chi 
mny  Iw  kt-ld,  cntain  It  j»,  that  his  fame  excited  the  enry  of  » 
lb»  eamlatioR  of  others,  and  the  industry  of  all.     Those  who  I 
tacked,   and  OtOte  Who  defended  his  principlee,  equally  pro 
tha  kiu)wledg«af  cJiemisirt  ;  which  from  his  time,  liy  allracdi 
Ite  notice  of  physinans,  begia  erery  where  to  be  systernalici' 
tiMted,  and  more  generally  understood. 

Soon  aftrr  lh«  death  of  Paracehn':,  which  happened  ii 
1M1,  tbe  arts  of  mining  and  Suiing  metals,  which  had  been  prfl 
liMd  in  meit  countries  from  the  earliest  times,  but  had  never  b 
apUned  by  anj  writers  in  a  scienlilic  manner,  meired  great  H 
iMtrattoa  from  tbe  wm-ks  of  Gmrgius  Agricola,  s  German  pk] 
iidan.  The  Greeks  and  Romans  had  left  no  t^eati^es  worth  m 
lionlBg  upon  the  subject ;  and  though  a  Iiook  or  two  had  appear! 
in  iIm  Gertnaa  laogoage,  aad  one  io  the  Italian,  relatire  to  latUi 
\urgj,  bcEoTf  Agricota  published  his  twelve  books  De  Ite  MeiatlM 
j«t  h«  ia  jnttly  esteemed  the  first  author  of  reputatior 
brvich  of  chemiatrjr. 

Lauras  Enlum  (ajsay.master  general  of  the  empire  of  Gfl| 
anay)  fbllowed  Agricola  in  the  same  pursuit.     His  worki  wM 
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first  poblished  at  Prague,  id  1574,  and  an  English  translation  of 
them  by  Sir  John  Pettus,  came  out  at  London,  in  1683.  The 
works  of  Agricola  and  Erckern  are  still  highly  esteemed,  though 
seTeral  others  %aTe  been  published,  chiefly  in  Germany,  upon  the 
same  subject,  since  their  time.  Amongst  these  we  may  reckon 
Schindler*s  Art  of  Assaying  Ores  and  Metals ;  the  metallurgic 
works  of  Orschall ;  the  works  of  Henckell ;  of  Schutter  ;  of  Cnu 
mer ;  of  Lehman ;  and  of  Gellert.  Germany,  indeed,  has  for  a 
long  time  been  the  great  school  of  metallurgy  for  the  rest  of  Eoropei 
and  we,  in  this  country,  owe  the  present  flourishing  condition  of 
our  mines,  especially  of  onr  copper  mines,  as  well  as  of  our  brass 
manufactory,  to  the  wise  policy  of  Queen  Elizabeth,  in  granting 
great  pririleges  to  Daniel  Houghsetter,  Christopher  Schutz,  and 
other  Germans  ;  whom  she  had  inrited  into  England,  in  order  to 
instruct  her  subjects  in  the  art  of  metallurgy. 

It  was  not,  however,  till  towards  the  middle  of  the  last  century, 
that  general  chemistry  began  to  be  cultivated  in  a  liberal  and  phi- 
losophical manner.  So  early  as  the  year  1645,  several  ingenious 
persons  in  London,  in  order  to  divert  their  thoughts  from  the  hor. 
rors  of  the  civil  war,  which  had  then  broken  out,  had  formed 
themselves  into  a  society,  and  held  weekly  meetings,  in  which  they 
treated  of,  what  was  then  called,  the  new,  or  experimental  philo. 
sophy.  These  meetings  were  continued  in  L.ondon»  till  the  esta- 
blishment of  the  Royal  Society,  in  1602 ;  and  before  that  time, 
by  the  removal  of  some  of  the  original  members  to  Oxford,  similar 
meetings  were  held  there,  and  those  studies  brought  into  repute  in 
that  university.  Mr.  Boyle,  who  had  entered  upon  his  chemical 
studies  about  the  year  1647,  was  a  principal  person  in  the  Oxford 
meetings ;  he  published  at  that  place,  hb  Sceptical  Chemist,  in  1661, 
and  by  his  various  writings  and  experiments,  greatly  contributed 
to  the  introducing  into  England,  a  taste  for  rational  chemistry. 

Next  to  Boyle,  or  perhaps  before  him  as  a  chemist,  stands  his 
cotemporary,  the  unfortunate  Beccher,  whose  Physica  Subier* 
ran^a,  justly  entitled  opus  sine  pari^  was  first  published  in  1660. 
After  having  suffered  various  persecutions  in  Germany,  he  came 
over  into  England,  and  died  at  London,  in  1682,  at  the  age  of  57. 
He  resided  some  time  before  his  death  in  Cornwall,  which  he  calls 
the  mineral  school,  ownitig  that,  from  a  teacher,  he  was  there  be. 
come  a  learner.  He  was  the  author  of  many  improvements  in  the 
manner  of  working  mines,  and  of  fluxing  metals;  In  particular,  he 
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fint  introdnced  into  Cornwall,  the  mvthud  of  fluxing  tin  by  n 
of  tbr  Sitae  of  pil.ciMl,  inxl^id  uf  wood  or  charcoal  *. 

LrOia  rjr  t  v<>rf  ■ccurate  couri"  of   prictical  chemislr)',  appeara 
in  I87S.     Glwber's  works  had  bern  publi^beil  at  diO'erfrnt  time^  I 
from  1651   to  16SI,  when  his  trart,  entitled  Philosophical  FuroaceVf  J 
csmpout  at  A miitf rdatn.     Kuiickil  di<(I  in  Sweden,  in  17oa  ;  | 
had  prtrtiv  d  c'lfmistn  for  abote  SO  years,  under  the  auspices  a 
tiie  eletlur  of  '^aaotij .  and  of  Charles  XI.  of  Swedeu. 
hit  rheiuical  obntrvaiions  in  the  Uerman  Language,  but  had  thai 
t'iintlsivil  into  Latin,  in  tht-  year  1 077 :  the  translation  is  dedicata^] 
by  (1>  author,  to  our  Royal  Society.     They  wer>?  aflvrwarda  irai 
Uird  into  Engtiih,  in  1704.     Iluting  had  tlje  superiniendency  q 
iTTFral  gli^s. houses,  lie  had  a  One  opportunity  of  mabiag  a  gra 
Tiriefy  ut  esperime'  t^  in  that  way  ;   and  I  have  been  informed  1^ 
our  paamel :..-»,  and  in.iker'i  of  arliticial  itftns,  that  they  can  depen^  I 
Bore  upon  the  practises  and  ob.serTaliuns  ui  Kuiickel,  than  of  iiqf  J 
(ithrr  auihvr   upon   tne  same  lubji'cl.      The  chemical  labours   oTv 
tbrse   and   many  orher  einini'nt   men,   loo  nuii»rouB  ti>  tnenlio 
vvTv  KM-atly  (otwariled   by  the  eMablishment  uf  se?eral  tocleticf 
for  the  encourage  men  I  of  UDtural  philos<i|)hy,  which  touk  place  lk 
Tarjous  parts  of  Europe  auout  that  perii>d. 

The  Philoaophical  I'ransaclinns,  at  London;  the  Histuir 
t'Acadfinie  Koyale  de«  Sciences,  at  Paris  :  the  tiag^i  d'KfpiTii 
di  AradiMiiU  del  Cimeuto,  at  Flurence  -.  tie  Journal  dea  S;ai 
in  Hollmd;  the  Cph*'iiieridi's  Academis  Naturz  Cunosnrun 
Grrnuny ;  the  Acts  o\  the  Academy  uf  Copenhagen;  and  the  Actj^l 
Krudilorum,  at  Lfipsic;  all  thee  works  h^gaa  to  be  publibhafil 
within  the  Space  of  twenty  years  from  18(i5,  when  our  Boyal  i>4l« 
cietf  lirsl  set  Ihe  example,  by  publishing  the  Phixtsophical  Tranfa  J 
To  these  may  be  added,  the  works  of  the  Acailemi^l 


•  BMrhrnrrule  bii  Alp  lube  Ihiim  Miiicr.ik,al  Truro,  in  Cornwall,  In  lOf 
BUI  Ugfhrrdrehii  death.      In  hit  driliraiian  of  IhiEtincl  toMi.  Buylr, 
ihc  tal\D*lii(  winji :— "  i)!Ols  mm,  ope  SaniiDBrum  lilhartraeum  stani 
ninTilu  Imut-Bill,  Cornubln  harlrnut  inrniniiUi,  pf rt  d  mC  inlrodoel 
Thii  acCMM  which  Brccher  fcirpi  of  himielf,  i>  aot  quife  agrrci-Me  >' 
ii  advufed  by  oa  aallwr  evrry  waj  qualified  (o  CHDr  al  Ibr  trnlh  uf  Ihi 
ter.  — "  NerrsMlyallasliusecsted  Uie  iulrodnciian  nt  p'rl-conlfor  the  smdU^J 
of  liB  orrt  and,  aouinc  alhcn,  <o  Sir  Briril  Gr.intrlllr,  al  Slow,  in  I 
iHBp.  Car.  1.  who  m4ile  «*eral  rup-rimeitl);  lhoop;h  Hllhtwl  lorce 
dU  the  efrvuat  •meliing  of  lilt  ore  ttith  (>il-coal,  lake  place  Illl  ibe  ic 
yn>  of  Qurea  Anor."     Pryce'i  Miner.  Cotnub.  p.  iSt. 
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of  Berlin,  Petenborgh,  Stockholm,  Upsal,  Bononh,  Boardeaux, 
Montpelier,  Gottiogen,  and  of  several  others  which  hare  been 
established  within  the  conrse  of  the  present  centnrj.  Near  a 
thousand  volanies  have  been  published  by  these  learned  societies, 
within  less  than  1^  years.  The  number  of  facts  which  are  therein 
related  respecting  chemistry,  and  erery  other  branch  of  natural 
philosophy,  is  exceedii^ly  great ;  but  the  subject  is  still  greater, 
and  must  for  erer  mock  the  efforts  of  the  human  race  to  exhaust 
it  Well  did  Lord  Bacon  compare  natural  philosophy  to  a  pyra. 
mid  !  Its  basis  is  indeed  the  history  of  nature,  of  which  we  know 
alittle  and  conjecture  much ;  but  its  top  is,  without  doubt,  hid  high 
in  the  elonds ;  it  Is  ^^  the  work  whieh  God  worketh  from  the  be* 
ginning  to  the  end,'*  infinite  and  inscrutable* 

By  the  light  which  has  l)een  incidentally  thrown  upon  various 
parts  of  chemistry,  from  those  yast  undertakings  of  public  societies, 
as  well  as  from  the  more  express  labours  of  Stahl,  Newman,  HoflT* 
man,  Juncker,  Geoffry,  Boerhaare,  and  of  many  others  equally 
worthy  of  commendation  ;  by  the  theoretic  conclusions  and  syste- 
matic dirisions  which  have  been  introduced  into  it;  from  the  didac- 
tic manner  in  which  the  students  of  this  art  have  been  instructed 
in  erery  medical  school;  chemistry  has  quite  changed  its  appear* 
ance.  It  is  no  longer  considered  merely  in  a  medical  view,  nor 
restricted  to  some  fruitless  efforts  upon  metals;  it  no  longer  at* 
tempts  to  impose  upon  the  credulity  of  the  ignorant,  nor  affects  to 
astonish  the  simplicity  of  the  vulgar,  by  its  wonders ;  but  is  content 
with  explaining  them  upon  the  principles  of  sound  philosophy.  It 
has  shaken  off  the  opprobrium  which  had  been  thrown  upon  it, 
from  the  unintelligible  jargon  of  the  alchemists,  by  revealing  all  its 
secrets,  in  a  language  as  clear  and  as  common  as  the  nature  of  its 
subjects  and  operations  will  admit. 

Considered  as  a  branch  of  physics,  chemistry  is  but  yet  in  its 
infancy:  however,  the  mutual  emulation  and  unwearied  endea- 
vours of  so  many  eminent  men  as  are  in  every  part  of  Europe 
engaged  in  its  cultivation,  will,  In  a  little  time,  render  it  equal  to 
any  part  of  natural  philosophy,  in  the  clearness  and  solidity  of  itf 
principles.  In  the  utility  resulting  to  the  public  from  its  conetH. 
sions,  with  respect  to  the  practice  of  medicine,  of  agriculture,  arts, 
and  manufactures  of  every  kind,  it  is  even  in  its  present  state  inf^ 
rior  to  none. 

The  uses  of  chemistry,  not  only  la  the  medical,  but  in  every 
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^^^^etl  art,  are  too  eit«aure  tu  lis  enumentetl,  and  too  ooldl 
liNito  waatillutlraltuni  it  may  just  be  observed,  that  a  TariaM 
ot  maauhctant,  by  a  proper  application  of  chemical  principl^l 
nu|kl,  probabljr,  be  wrought  at  a  leas  expense,  and  executed  iafl 
bcttrr  vsttn^,  tliiD  they  are  at  present.  Gut  to  this  itnpruTemaiM 
IbcN  ar«  impediment t  on  cTery  hand,  which  caonat  easilj  be  oreiM 
axnf.  Those  who  by  their  situalious  in  life  are  remotcd  ftota  awfl 
dnifM  Of  deftr«  of  augmenling  their  fortunes,  by  making  diacot^g 
tica  iM  Ibe  cbeoiical  arta,  will  bardly  be  induced  to  dimiaish  tbagfl 
b/engafing  in  expenuTu  experimental  inquiries,  which  not  only  c^9 
qaire  an  uaioterrnpted  attention  of  mind,  but  are  attended  with  thM 
of  bodily  Ubour.  It  is  not  enough  to  employ  off^M 
Ibis  buiioet*  ;  a  man  must  blacken  bis  own  hands  nilH 
be  must  sweat  OTer  the  furnace,  and  inhale  many  a  aoalj 
OM  vapoar,  before  be  can  become  a  chemist.  On  the  other  haruLJ 
Aa  artifti  ihemseltes  art!  gaaerally  illiterate,  timid,  and  bigoted  (M 
IMTtlcvlor  roodet  of  carrying  on  iheir  respectire  operations.  UuitMl 
■«««qi)«ittted  with  the  Itarned,  or  modern,  languages,  they  seldai|H 
kBO<r  any  thing  of  new  discoreries,  or  of  the  methods  of  worluMH 
prtctiied  Jo  other  countries.  Deterred  by  the  too  freqaeni,  bilmm 
BNclbte-be  Umeoted  (samples  of  those,  who,  in  benelilitig  tfaH 
pvbHc  bjT  projects  and  experiments,  have  niiaed  themsclveii,  th^u 
are  nnvininf  to  incur  the  least  expense  in  making  trials,  which  atH 
noMrtaio  with  reipect  to  proQl.  From  this  apprehension,  as  walQ 
MftWK  the  my^tious  manner  in  which  moat  arts,  before  the  inieMJ 
tioa  of  pntiiing,  and  many  still  continue  to  be  taught,  they  acqaiiM 
a  certkia  opiaiatrefe,  which  effectually  hinders  them  from  maktqu 
laipromteiits  by  departing  from  the  ancivtit  tradiliooary  preceplu 
of  iMr  art.  It  cannot  be  questioned,  that  the  nrls  of  dyein^J 
painting,  bfewlng,  distilling,  tanning,  of  making  glass,  enamelij 
potceteln,  artificial  itone,  common  salt,  sal  ammoniac,  Hilt.pctrwMl 
potash,  logar,  and  a  great  lariety  of  others,  have  received  muc^ 
inprowtbcnl  from  chemical  inquiry,  and  are  cspable  of  receiiinM 
nitch  aore.  J 

M«UJlitrgyio  articular,  though  one  of  the  most  ancient  brancbtil 
ofciMmistry.  affords  matter  enough  for  new  discoveries.  There  awl 
agroit  BMiy  eombinalioni  of  metals  which  have  neierbeen  mado;^ 
MUf  of  which,  hoifCTer,  might  be  made,  and  in  such  a  variety  dt' 
praportMi»,  as,  very  probably,  woold  furnish  us  with  metallic' 
nutdrcs  moK  Berviceahte  than  any  in  nse.     The  method  of  ex- 


14  misfc  ANb  ^ttOGHtSS 

tracting  the  greatest  possible  quantity  of  metal  from  a  giren  qaan^ 
tity  of  tlie  same  kind  of  ore,  lias,  perhaps,  In  no  one  instance  been 
ascertained  with  sufficient  precision.     There  are  many  sorts  of  iron 
and  copper  ores,  which  cannot  be  conTerted  into  malleable  meCals, 
withont  much  labour,  and  a  great  expense  of  fuel ;  it  is  tery  pro* 
bable,  that  by  a  well-conducted  series  of  experiments,  more  com. 
pendious  wa)S  of  working  these  minerals  might  be  found  out     In 
our  own  times  three  new  metallic  substances  hate  been  disco, 
tered*,  and  their  properties  abundantly  ascertained  by  experU 
ment;  and  it  may  reasonably  be  conjectured,  that  future  experience 
will  yet  augment  their  number.    Till  Marggraafshewed  the  m^^nner 
of  doing  it,  no  metallic  substance  could  be  extracted  from  calamine, 
and  ail  Europe  was  supplied  with  ziocf  either  from  India  or  from 
Grermany.    A  manufactory  of  thb  metallic  substance  has  not  many 
years  ago  been  established  in  our  own  country,  and  the  copper 
works  near  Bristol  hate  supplied  Birmingham  with  sine  extracted 
from  calamine.    Black-jack  was  not  long  since  employed  in  Wales 
for  mending  the  roads ;  its  value  is  not  yet  generally  known  in 
Derbyshire ;  but  it  is  now  well  understood  by  some  indi? iduals  to 
answer  the  purpose  of  calamine  for  the  making  of  brass  :(•     Mons. 
Von  Swab,  in  1738,  was,  I  believe,  the  first  person  who  distilled 
zinc  from  black-jack  §;  and  a  work  which  he  erected,  probably 
gaTO  the  hint  to  the  establishers  of  our  English  manufactory  :  in- 
deed,  I  hare  been  well  informed,  that  they  purchased  the  secret 
from  him  when  he  was  in  England.     The  ?arious  kinds  of  black 
lead,  from  which  neither  tin  nor  iron  can  at  present  be  procured  to 
advantage;  the  mundicks,  some  cobalt  ores,  cawk,  kebble,  and 
other  mineral  substances,  which  are  now  thought  to  be  useless,  may 
some  or  time  other,  perhaps,  be  applied  to  good  purpose.     Cawk 
and  kebble,  which  are  found  in  great  quantities  in  mining  coun. 
tries,  especially  in  Derbyshire,  and  which  are  uniyersally  thrown 
away,  may,  perhaps,  be  nothing  but  different  kinds  of  spar,  and 

•  PUdna,  rfgalut  of  cobalt,  and  nickel. 

f  Zinc  it  anecalUo  substance  of  the  colour  of  lead  ;  when  united  with  cop- 
per»  it  constitutes  bra-H,  pinchbeck,  and  othemetallic  mixtures  retembltng 

gold. 

f  The  cobalt  oces  in  Hesse,  which  at  present  produce  a  nett  profit  of  about 
HfiOOl,  a-3pcar»  wr^e  formerly  used  for  the  same  purpose  ai  black-jack  was 
lately  in  Wales.i^Born*s  Travels  by  Raspe,  Pre.  xxvi. 

§  Crottstedl*s  Miser,  sec  8SK 
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dolitaU  of  all  metallic  mallar*;  yet  it  may  not  be  improper 
remark,  thai  tbe  external  appearance  of  the  jdlowish  cawk  i 
whoUf  umilar  to  that  of  calcined  black-jack.     That  it  is  m 
111*  same  weight  as  black-jack  may  ap(>ear  from  the  annexed  table  j 

Weight  of  a  cubic  fool  of 

A  vol  rd  up.  Bt. 
While  cawk  ....         4047 

Yellow  cai*k  .  ,  .4114 

Kebhle  ....     43ig 

Black-jack  .  .  ,  4003 

Water  ....       1000 

la  m  ward,  (he  improvement  of  melallnrgy,  and  the  other  e 
cttaaic  arts,  dependent  on  chemistry,  might  best  be  made  by  (h*  ^ 
public  ettablishment  of  an  academy,   tbe  labours  of  which  should 
be  ilettined  to  that  particular  purpose.     The  utility  of  such  esta. 
blishreents  has  been  experienced  in  Saxony,  and  other  places  ;  i 
and  nil  m'ln^s  and  maDafactures  are  to  tbe  full  as  important  t 
us,  ns  to  any  other  European  state,  one  may  hope,  that  the  coo^fl 
slilutiD^  a  Chemical  Academy  may,  in  times  of  peace  and  Iran.  I 
qniUity,  become  an  abject  not  unworthy  the  attention  of  the  King,  J 
•r  the  Legislature  of  the  Uriiith  nation i, 

[Bishop  It'alson 

Tbis  tut  pktriulic  recommendation  addressed  to  the  public  by  | 
Dr.  Wataon,  in  1781,  though  not  cairied  into  effect  in  tbe  preciis  1 
manner  he  suggested,  ban  by  no  means  been  altogether  neglected.  { 
If  the  legislature  hare  not  adopted  the  scheme,  it  has  not  beea  lost 
ti^ht  of  by  scieatific  and  public  spirited  indiriduals.  The  Itoyat 
Imtitvtton  led  the  way,  and  by  the  splendid  chemical  discoierie*  i 
vUcb  have  issued  from  its  laboratory  and  apparatus,  under  tbe  di. 

•  S**  Mr.  Wnlfe't  ineCDioui  Kiperimrnli,  in  PbilM.  Trnoi.  1779,  p.  lA. 

*  Tbe  rcadn  Bbo  nitba  lo  hfcome  marc  fully  acquainted  trilh  tbe  hislorj 
*r  rbemittrj,  amy  cooiull  whal  Borrichiui  hai  laid  in  hi>  Dissertation  de  Ort«  I 
•tPrvgttMu  CbMl«,  jiubKihed  Bt  CoppDhageit,  in  166S;  anil  in  h><  book  en- 
■itlerf  Hcmelii,  Sgyfttonm.  n  Chemicotum,  Sopientia  ab  Ilprnunai  Cod- 
■tofti  ABiBadienionibtu  ilndirala,  published  at  ibc  tame  place,  io  16(4.  He 
win  alte  Bod  lODetliiaK  wotih  hi>  notice  on  Ibi>  lubjccl,  ia  Buerhaave'f  Cbe- 
■iMry  t  and  in  ■  work  of  Wallerlui,  csMrd,  Cbemif  Phyikc  Pan  Prima,  pub- 
li)he4ai  Sfocktaola,  la  UfiO;  obeie  (bcre  it  an  uM-fiil  raulagur  of  ibc  noft 
appMved  wtUcn  oa  the  *aiioai  psrii  of  chemiilry. 
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rectlon  of  Sir  Hamphry  DiTy,  and  been  cUscribed  in  his  ledsres, 
as  chemical  professor  to  the  establishment ,  has  acquired  a  rerj  dis* 
tingaished  reputation.  To  this  hare  succeeded  sereral  other  sci. 
entific  institutions  in  this  metropolis,  which  have,  in  different  de* 
grees,  contributed .  towards  the  same  object ;  the  Geological  Soci- 
ety, and  the  Wemerian  Society  of  Edinburgh  ;  both  which,  more 
especially,  have  been  labouring  for  some  years,  in  the  immediate 
department  to  which  the  observations  before  us  are  peculiarly  dim 
rected.  From  these,  and  similar  establishments,  and  more  parti- 
cularly from  the  successful  labours  of  Sir  Humphry  Davy,  we  have 
obtained  a  more  comprehensive  insight  into  the  principles  of  bodies  ; 
have  assured  ourselves,  that  many  of  the  earths  are  only  metallic 
oxyds,  which  may  be  rednced  to  a  reguline  or  pure  metallic  state, 
by  detacliing  the  oxygen,  which  alone  gives  them  their  oxyd  form; 
and  have  hence  been  led  to  believe,  that  all  the  other  earths,  wbioh 
have  not  yet  been  analyzed  with  the  same  success,  are  formed  of 
similar  principles.  We  have  been  able  to  decompose  the  fized  alka* 
lies ;  have  made  no  small  progress  in  decomposing  ammonia,  and 
tho  simple  combustibles ;  and  have  ascertained  the  very  singular 
Ikct,  that  the  first  of  these,  whether  potash  or  soda,  are  themselves 
metallic  oxyds,  capable  of  being  reduced,  by  an  abstraction  of  their 
oxygen,  to  metals  of  an  extraordinary  character,  their  levity  ena« 
bling  them  to  ioat  not  only  upon  water  or  alkohol,  but  in  one  in* 
stance  upon  naphtha,  the  lightest  fluid  we  know  of.  We  have  also, 
from  the  same  sonrcet,  discovered  that  oxygen  is  by  no  means 
the  only  simple  svpporter  of  eombnstioo ;  that  there  are  at  least 
two  odfeef  snbstaiices,  tkhriae  and  iodine^  (and  we  have  reaaon 
to  beiieva  there  are  move)  wUch  nudM  a  near  approach  to  it  hi 
thit  and  various  other  respects  i  and  wfaich^  at  the  same  time  hare 
a  peculiarity  of  eharaeter  that  seems  to  establisli  them  as  distinct 
bodiesu 

lEdttor^ 


r  IT  } 
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Tbe  Haif  of  Ikis  ii 

lu  the  cboiift,  then 

the  tBttU  «r  the  dectrkal  faid  uc  b 

•ovc  Bedmtical,  aad  in  (oae,  tnd  peoiliulr  thaw  wUch  h 

le  Mrilaic  dectridljr,  physiole^cal.     We  (ball  hen  gin  it  i  fj 

ta  the  int  of  these  di*isiou  of  Kieiice  ;  vid  fUl  i 

tnce  the  natare  of  Ute  Intd  at  it  appean  «hra  qBiacml,  ark 

state  of  mt  or  m^wfihriam ;  and  whea  in  actinl^,  oc  in  a  tl 

■notion.     We  ihaU  aba  notice  the  more  cnrioos  of  the  d 

■doJm  by  wkitit  U  tamj  be  accnmaUteil  and  diKharged,  and  puti. 

caterly  thrt  of  tht  gdnmic  or  Tollaic  circle. 

■  ECTION  II. 
SUetridtjf  in  Equitibrium. 
Tn  phBOOsenA  of  electricity  are  ai  anmsing  and  popaUr  in 
Arir  exteraal  Ibnn,  aa  Ihey  are  intricate  and  atxtrvse  in  tbeJr  intu 
■Ua  aatare.  tn  examining  tfaese  phxDomeoa,  a  phtlowpbical 
IllNI'mi  will  not  be  conteot  with  snch  eibibitioDS  u  dazile  the 
*y*  for  a  Bomeot,  without  leafiog  any  impressioa  that  can  be  in. 
MruAva  to  the  mind,  bat  he  will  be  Boxioui  to  trace  tbe  conoec* 
lion  o(  Ih*  bcti  with  their  geoeral  caues,  and  to  compare  them 
with  the  thcoriea  which  ha*e  been  proposed  conceroiog  tbetn  :  and 
tilboagb  the  doctrine  of  electricity  a  in  many  respects  yet  io  iu 
iM^jKy*  v«  ahaJl  ind  that  some  hypotheses  may  be  uiomed, 
lAldl  an  capable  of  expUiniog  the  principal  circumstances  in  a 
itepU  Mmi  mtialaetory  manner,  and  which  are  extremely  useful  in 
nnw>Mti»^  a  BnJtitnde  of  detached  facts  into  an  intelligible  system. 
These  hypotttiea,  fonnded  on  the  discoferte*  of  Fraoklin,  hare 
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been  gradutlly  formed  into  a.  theory,  by  the  inTestigatmus  of 
Aeptnus  and  Mr.  Catendbh,  combined  nith  the  experimeDls  and 
inferences  of  Lord  Stanhopo,  Coulomb,  and  Robinson, 

We  Bhall  first  cootider  the  fundamental  hjpoihesei  on  nhich 
this  system  depends  ;  and  secondly,  the  conditions  of  equilibrium 
of  the  substances  concerned  in  it;  determining  the  mode  of  dis- 
tribution of  the  electric  fluid,  and  the  forces  or  pressures  derired 
from  its  action  when  at  rest ;  all  which  will  be  found  to  be  deduc- 
ed from  the  theory,  precisely  as  they  are  experimeotally  observ. 
able.  The  motions  of  the  electric  Quid  will  next  be  noticed,  as 
far  as  we  can  form  any  general  conclusions  respecting  them  ;  and 
the  manner  in  which  the  equilibrium  of  electricity  is  disturbed,  or 
the  excitation  of  electricity,  will  also  be  considered;  and,  in  the 
last  place,  it  will  be  necessary  to  take  a  view  of  the  mechanism, 
ot  the  practical  part  of  electricity,  and  to  examine  the  natural  and 
•rtificial  apparatus  concerned  in  electrical  phenomena,  as  well  ai 
in  those  effects  which  hare  been  denominated  galianic. 

It  is  supposed  that  a  peculiar  ethereal  lluid  pervades  the  pores, 
if  not  the  actual  substance,  of  the  earth,  and  all  other  material 
bodies  ;  passing  through  them  with  more  or  less  facility,  according 
to  their  different  powers  of  conducting  it :  that  the  particles  of 
this  fluid  rfpel  each  other,  aud  are  attracted  by  the  particles  of 
common  matter :  that  the  particles  of  common  matter  also  repel 
each  other :  and  that  these  attractions  and  repulsions  &re  equal 
among  Ihemseltes,  and  vary  intersely  as  the  squares  of  the  dis- 
tances of  the  particles. 

The  effects  of  this  fluid  are  distinguished  from  those  of  all  other 
substances,  by  an  attractive  or  repulsive  quality,  which  it  appears 
to  communicate  to  diSereut  bodies,  and  which  differs  in  general 
from  other  attractions  and  repulsions,  by  its  immediate  diminution 
or  cessaUon,  when  the  bodies,  acting  on  each  other,  come  int» 
contact,  or  when  they  are  touched  by  other  bodies.  The  name 
aleetricity  is  derived  from  electrum,  amber;  for  it  was  long  ago 
observed  that  amber,  when  rubbed,  continues  for  tome  time  to 
attract  small  bodies  ;  but  at  present  electricity  is  usually  excited 
by  other  means.  Id  general  a  body  is  said  to  be  electrified,  when 
it  contains,  either  as  a  whole,  or  in  any  of  its  parts,  more  or  lest 
of  ihe  electric  fluid  than  is  natural  to  it ;  and  it  is  supposed  thai 
wliat  is  called  positive  electricity  depends  on  a.  redundancy,  and 
■tgative  electricity  oa  a  deficiency,  of  the  fluid. 


■LBCTBICITT  IS  EQCltlMIPM. 

TImc  i*p«lsiDm  awl  attrvctiaoft  mn  mpfmft  M  »tS  ^m  « 
bf-tvrr*  iwo  ptrtidps  wbich  a. 
connrt  with  raeh  othrr,  boi  ■ 
■U  dbtaiKM,  «hA  «wr  abiUiJf 
Thu,  if  tw«  elpclriiMl  b«II«  [nM<  ■»*  «tbrr,  <br  d 

ubMiue  iatcfpewd  appcu*  t«  httetfrtr  wtk  tMr  « 

il  !•  in   oa««rq«riice  of  ill  o'l 

mprdf,  M  «H1  u  in   ibe  b* 

(brrrt  diCFT  fron  tbe   roawwa 

tite  panklM  af  'tautc  flard*,  aad  i 

(fvitaiiaa.     Tbrir  intmii'y^,  Bk-n  •rpscMrif  e«a^H*4.  if  ■ 

frcUrr  ikxa  tlwl  oT  iraiilJiio^.  aad  li 

ID  tb«  e^MtawD  amini  tutr  of  all  t 

vhich  it  r-rrrj  wbrrc  ^meal,  it  »i 

brm  hold  each  atlter««MtiT  oi 

motta  an  A>«ti«Tfa) ;  wilm  ■• 

it**)f  t*  uMajt  fraa  a  comparatmlr  dl^hl  iar^uSlr  fa 

*l«clricaJ  afmctiaaa  ( 


Trw  aUractkM  of  tbr  tltctnc  flntd  to  comb 
by  tti  conmaakatioa,  fraai  onr  body  to  ••oikn',  aUdi  ii 
copioMlf  aappiiftd  <ri(b  it,  as  «ell  ai  bj  waay  ottn  p 
■ml  (bH  attnction  of  (be  fluid  of  Uie  bnt  hodf,  to  iba  ■ 
ihc  iecond,  is  preciwly  eqml  to  Its  rtpabiaa  for  Ibr  ^ 
ihp  Said,  w  hicb  oatunllj'  belun^  to  (be  M«oad,  so  at  ta  m 
(be  maUrr.     For  the  racist  or  dritcipocf  of  the  fliud  in  Ar  i 
body,  doM  oat  tmomliatrlf  {FitHloce  eittier  allraMion  or 
to  )oag  at  tbr  natural  diflrihntion  of  [be  Aud  in  tbe  avcoBd  b 
maim  vnaltrred. 

Stn«e  alio  Iwo  nmtnl  bodies,  the  inatler  which  tb«y  contd 
beiag  Mtaraled  hy  the  electric  fluid,  exhibit  do  attraction  for  em 
other,  tW  Bather  In  the  first  must  be  repelled  by  thf  foallFr  in  ihvJ 
ircood  ;  far  itt  attraction  for  the  fluid  of  the  second  < 
wiM  remain  ancatnpensBied.     Ue  are,   howerer,  scarcelr  jnslL  I 
fied  in  cUuung  this  mutual  repolsioii  amotif  the  fundamenlal   pr»  1 
pcrtiet  of  matter;    lor   useful   as  thpse    Isas  are  in   ispiaining  I 
dedrttai   appearances,    thejr   seem   to  deTiate  too   far  from   Om' 
magBificMiI  liraplicily  of  nalure's  works,  lo  be  admrird  as  primary 
of  tfa«  constiiation  of  matter :  tbe^  may,  howerer. 
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be  coniider^  n  modificatioiis  of  some  other  nM>re  general  laf^r, 
which  are  yet  wholljr  unknown  to  vs. 

When  the^equilibriam  of  these  forces  is  destroyed,  the  electric 
fluid  b  pat  in  motion ;  those  bodies,  which  allow  the  flnid  a  free 
passage,  are  called  perfect  conductors ;  bat  those  which  iaipede  ite 
motion,  more  or  less,  are  nonconductors,  or  imperfect  conductorsw 
For  eiample,  while  the  electric  fluid  is  received  into  the  metallic 
cylinder  of  an  electrical  machine.  Its-  accumulation  may  be  pre^ 
▼ented  by  the  application  of  the  hand  to  the  cylinder  which 
receives  it,  and  it  will  pau  off  through  the  person  of  the  operator 
to  the  ground ;  hence  the  human  body  is  called  n  conductor.^  But 
when  the  metallic  cylinder,  or  conductor,  of  the  machine  is  mwm 
rounded  only  by  dry  alr»  and  supported  by  glass,  the  eleotric 
fluid  is  retained,  and  Its  density  increased,  until  it  becomes  capable 
of  procuring  itself  a  passage,  some  inches  in  length,  through  the 
air,  which  is  a  very  imperfect  conductor.  If  a  person,  connected 
with  the  conductor,  be  placed  on  a  stool  with  glass  legs,  the  elec* 
tridty  will  no  longer  pass  through  him  to  the  earth,  but  may  be 
so  accumulated,  as  to  make  its  way  to  any  neighbouring  substancoi 
which  is  capable  of  receiving  it,  exhibiting  a  luminoas  appearance^ 
called  a  spark ;  and  a  person  or  n  substance,  so  placed  as  to  be  in 
contact  with  nonconductors  only,  is  said  to  be  insulated.  When 
electricity  is  subtracted  from  the  substance  thus  Insulated,  it  is  said 
to  be  negatively  electrified^  but  the  sensible  effects  are  nearly  the 
same,  except  that  in  some  cases  the  form  of  the  sparks  is  a  little 
different. 

Perfect  conductors,  when  electrified,  are  in  general  either  over* 
charged  or  undercharged  with  electricity,  in  their  most  distant 
parts,  at  the  same  time  ;  but  nonconductors,  although  they  have 
an  equal  attraction  for  the  electric  fluid,  are  often  differently 
affected  in  different  parts  of  their  substance,  even  when  those 
|Mirts  are  similarly  situated  in  every  respect,  except  that  some  of 
them  have  had  their  electricity  increased  or  diminbhed  by  a  foreign 
cause.  This  property  of  nonconductors  may  be  illustrated  by 
means  of  a  cake  of  resin,  6r  a  plate  of  glass,  to  which  a  local 
electricity  may  be  communicated  in  any  part  of  its  surlace,  fay  the 
contact  of  an  electrified  body;  and  the  parts  thus  electrified  may 
afterwards  be  distinguished  from  the  rest,  by  the  attraction  whi^ 
they  evert  on  any  usall  particles  of  dust  or  ponder  jirojfctod  nefur 
Hkm;  the laaniier in wUokthe particles arnngetlirasstlves on tiM( 


br  itt  Ml 

it  ma  beitMMt  wimUy  coltrctod  hUo  a  Hdnto  ^nn  c 

la  (be  MAce,  wUe  te  iaCmnl  ]»Tt*  rada  tel  fil 

charged,     for  w*  wiy  Bfgfect  the  actioM  «r  iW  pwtiM  af  1 

mhkh  U  wdj  nrf  uphd  ia  Mtaialbig  ifcg  ■ 

of  tha  BUtor  tkai  aratnfisFd,  doc*  tW  n 

ti  aadi  by  -the  wmm,  h  <t  it  Kttraet«l  by  tW  atWr ;  amA  w  a 

•Bly  lo  DBai'iJH  Ihe  aiatsal  actioss  of  ibr  paHidM  ef  tMt  ■ 

iaoM  ioid  Ml  each  atber.      It  may  ikni  be  Uie*a.  ia  the  i 

aiaaiwr  as  rt  u  denoa^tratrd  of  tine  Ibrcc  of  gtaiitaiMt^  I 

dw  lybtrieil  MnU  utiich  w  rmotrr  (ram  tbe  oratre  4i 

l^f^  partidp,  «jll  ba* e  ike  wbolc  of  tbvir  actiaa  cm  il 

bf  Oa  bitaac*  of  Iktir  forces,  and  that  tha  tfcrtin  rrpaWoi 

tlw  intoriar  Ittata  will  be  tfav  naip,  at  if  iba;  nre  kII  eaUcctid  II 

At  catitov.     Tbb  -nprntKon  «iM,  tbmforc,  iaipcl  tha  p 

tba  Aaid  le«ardi  the  mrface,  u  long  u  it  eaistt ;  and  m 

llHWilt  IIm  inailciMitinn  of  the  retloodaDt  llaiil  there,  notil  it  ii^ 

aahaastod  hvn  Aa  aciglibaarbooiJ  of  tfae  centre.      Id  Um  uaa  1 

■aBBarilBMj  beikan,  that  if  there  be  a  deficieocj  of  flaid,  l|J 

trill  be  only  in  ibp  eitemal  parts,   thr  c«D(ral  \in 

alwiji  in  a  state  of  aeulrality  :  and  since  the  quaniilj  of  elecifis  I 

llind  Ukea  avay  Crooi  a  body,  in  any  common  eiperiment,  beait  1 

bat  a  Ttty  wull  proportion  lo  the  whole  that  it  contains,  the  d 

a'eocj'  «iU  tlw  be  foond  in  a  vty  imall  proportion  of  the  »ph«i^  1 

aext  to  its  snrfuc     Aod  if,  ins'^ad  of  being  spherical,  the  fa 

be  of  anjr  other  form,  the  effects  of  electricUy  will  still  be  princfe  j 

pallf  coa&ncd  to  its  mrface.     Ttiis  proposiiion  was  very  Mtiifae.   j 

larily  iorestigaied  tj  Mr. Cavendish ;  and  it  was  aflerwRrds  mora 

fnlljr  sbean^  bjr  Dr.  Gr»y'se>P''rimenU,   thai  the   capacitiei 
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different  bodie§,  for  receiving  electricity,  depend  much  mora  qb 
the  quant  ty  of  their  surfaces,  than  on  their  solid  contents :  thus, 
the  conductor  of  an  electrical  machine  will  contain  very  nearly  or 
quite  as  much  electricity  if  hollow  as  if  solid. 

If  two  spheres  be  united  by  a  cylindrical  conducting  substance, 
of  small  dimensions,  there  will  be  an  equilibrium,  when  the  actions 
of  the  redundant  fluid  in  the  spheres,  on  the  whole  fluid  in  the 
cylinder,  are  equal ;  that  is,  when  both  the  spheres  have  their 
surfaces  electrifit'd  in  an  equal  degree :  but  if  the  length  of  the 
cylinder  is  considerable,  the  fluid  within  it  can  only  remain  at 
rest  when  the  quantities  of  redundant  fluid  are  nearly  equal  la 
both  spheres,  and  consequently  when  the  density  is  grf-ater  in  the 
smaller.  And,  for  a  similar  reason,  in  bodies  of  irregular  forms, 
the  fluid  is  always  most  acrumulated  in  the  smallest  parts ;  and 
when  a  conducting  substance  is  pointed,  the  fluid  becomes  so  dense 
at  its  extremity,  as  easily  to  overcome  the  forces  which  tend  to 
retain  it  in  its  situation. 

In  this  distribution  we  find  a  very  charisteristic  difference  be. 
tween  the  pressure  of  the  electric  fluid,  and  the  common  hydro* 
static  pressure  of  liquids,  or  of  simple  elastic  fluids ;  for  th«-se 
exert  on  every  surface,  simiiiirly  situated,  a  prt^sure  proportionate 
to  its  magnitude ;  but  the  electric  fluid  txerts  a  pressure  on  small 
and  angular  surfaces,  greater,  in  proportion  to  their  magnitudes, 
than  the  pressure  on  larger  parts  :  so  that  if  the  electric  fluid  were 
in  general  confined  to  its  situaton,  by  the  pressure  of  the  atmo* 
sphere,  that  pressure  might  easily  be  too  weak  to  oppose  its  escape 
from  any  prominent  points.  It  does  not  appear,  however,  that 
this  preMure  b  the  only  cause  which  prevents  the  escape  of  the 
electric  fluid  ;  nor  is  it  certain  that  this  fluid  can  pass  through  a 
perfect  vaiuum,  although  it  has  not  yet  been  proved,  that  a  body 
placed  in  a  vacuum  is  perfectly  insulated.  Whatever  the  resist- 
ance  may  be,  which  prevents  the  dissipation  of  electricity,  it  is 
■Iway"  the  more  easily  overcome,  as  the  electrified  substance  is 
more  f.ointed,  and  as  the  point  is  more  prominent;  and  even  the 
presence  of  dust  is  often  unfiivourable  to  the  success  of  electrical 
experiments,  on  account  of  the  great  number  of  pointed  termina* 
tions  which  it  affords. 

The  general  eflect  of  electrified  bodies  on  each  other,  if  their 
talk  is  small  in  comparison  with  their  distance,  is,  that  they  are 
mutually  repelled  .whea  in  similar  states  of  electitcity,  and.  mU 
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tndfd  «)■«■  in  dissimitar  statei.     This  is  a  consequence  immedU 
sMy  dcdndble  from  (he  mutual  attraction  of  redundaal  matter, 
and  mhindant  fluid,  and  from  the  repolMon  supposed  to  exist 
between  any  two  portions,  either  of  natler  or  of  fluid;  and  it 
Dia)'  also  easily  be  confirmed  by  experimpotal  proof.     A.  neutral 
body,  if  it  were  a  perfect  noncondactor,  would  not  be  affectecl 
•ither  way  by  the  neighboarhood  of  an  electrified  body  :  for  while 
(be  whole  matter  conlatned  in  it  remains  bnrely  saturated  with  the 
cleeiric  Said,  the  attractioos  and  repulsions  balance  each  otfaeiv^ 
But,  in  ^neral,  a  neutral  body  appears  to  be  attracted  by  I 
electrified  bckdy,  on  account  of  a  change  of  the  disposition  of  (1 
imi  wUcb  it  contains,  upon  the  approach  of  a  body  either  poifi 
titeljr  or  netalirely  electrified.     The  electrical  affection  produc 
ID  this  manner,  without  any  actual  transfer  of  the  fluid,  is  calk 
induced  electricity. 

^Vhen  a  body  positively  electrified  approaches  to  a  neutral  body^  J 
the  redundancy  of  the  6uid  expels  a  portion  sf  the  natural  quan^.J 
tity  from  the  nearest  parts  of  the  neutral  body,  so  that  it  is  a 
nvlatrd  at  the  opposite  extremity  ;  while  the  matter,  which  ii 
dffidrat,  attract)  tlie  redundant  fluid  of  the  first  body,  in  socb  »l 
oiaaDer  u  to  cause  it  to  be  more  condensed  in  the  neighbourhood  .1 
of  tfae  second  thin  elsewhere;  and  hence  the  fluid  of  this  body  It  < 
driiea  still  further  off,  and  all  the  effect*  are  redoubled.  Tha 
■(traction  of  the  reduodant  fluid  of  the  electrified  body,  for  tba-ij 
irdnndant  matter  of  the  neutral  body,  is  stronger  than  its  repnU'J 
■ion  for  the  fluid  which  has  been  expelled  from  it,  in  proportio 
(he  square  of  (he  CDeao  distance  of  the  matter  is  smaller  than  tbifb  J 
of  the  mean  distance  of  the  fluid  :  so  that  in  all  such  cases  of  ] 
iadaced  electricity,  an  attractioD  is  produced  between  the  boilis 
CooCTtned.  And  a  Mmilar  attraction  will  happen,  under  contrary  i 
drcnmstancef,  when  a  neutral  body  and  a  body  negatlrely  electrla  \ 
6e^  approach  each  other. 

Tbc  state  of  induced  electricity  may  be  illustrated  by  placing  A 
loag  cooAactor  at  a  little  distance  from  an  electrified  subslanc«( 
&nd  directed  towards  it ;  and  by  suspending  pith  balls,  or  other  | 
Bghl  bodies  from  it,  in  pairs,  at  difl'erent  parts  of  its  length  :  theif  ' 
will  repel  eacb  other,  from  being  similarly  electrified,  at  the  twa 
Wdt,  which  are  in  contrary  states  of  eleclricify,  while  at  a  certala 
point  towards  (be  middle  they  will  remain  at  rest,  the  conductof 
bring  bare  perfectly  neutral.     It  was  from  the  lituatioit  of  tbia 
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point  that  Lord  Stanhope  first  inferred  the  troe  law  of  the  electric 
attractions  and  repulsions,  although  Mr.  Carendish  had  before 
suggested  the  same  law  as  the  most  probable  supposition, 
i  The  attraction,  thus  exerted  by  an  electrified  body  upon  nentral 
sabstances,  is  strong  enoagh,  if  they  are  sufficiently  light,  to  OTor. 
come  their  graTitation,  and  to  draw  them  up  from  a  table  at  some 
little  distance :  upon  touching  the  electrified  body,  if  it  is  a  con* 
dnctor,  they  receive  a  quantity  of  electricity  from  it,  and  are 
again  repelled,  until  they  are  deprived  of  their  electricity  by  con. 
tact  with  some  other  substance ;  which,  if  sufficiently  near  to  the 
first,  is  usually  in  a  contrary  state,  and  therefore  renders  them 
still  more  capable  of  returning,  when  they  have  toudied  it,  to  the 
first  substance,  in  consequence  of  an  increased  attraction,  assisted 
also  by  a  new  repulsion.  This  alteration  has  been  applied  to  the 
construction  of  several  electrical  toys ;  a  little  hammer,  for  ex* 
ample,  has  been  made  to  play  between  two  bells ;  and  this  instru- 
ment has  been  employed  for  gi? ing  notice  of  any  change  of  the 
^ectrical  state  of  the  atmosphere.  The  repulsion  which  takes 
place  between  two  bodies,  hi  a  similar  state  of  electricity,  is  the 
cause  of  the  currents  of  air  which  always  accompany  the  dischaige 
of  electricity,  whether  negative  or  positive,  from  pointed  sub* 
stances ;  each  particle  of  air,  as  soon  as  it  has  received  its  electric 
city  from  the  point,  being  immediately  repelled  by  it ;  and  this 
current  has  also  been  supposed  to  facilitate  the  escape  of  the  elec. 
tricity,  by  bringing  a  continual  succession  of  particles  not  already 
overcharged* 

If  two  bodies  approach  each  other,  electrified  either  positively 
or  negatively,  in  different  degrees,  they  will  either  repel  or  attract 
each  other,  according  to  their  distance;  when  they  are  very 
remote  they  exhibit  a  repulsive  force,  but  when  they  are  within  a 
certain  distance,  the  effects  of  induced  electricity  overcome  the 
repulsion  which  would  necessarily  take  place,  if  the  distribution  of 
the  fluid  remained  unaltered  by  their  mutual  influence. 

When  a  quantity  of  the  dectric  fluid  is  accumulated  on  one  side 
of  a  nonconducting  substance,  it  tends  to  drive  oflf  the  fluid  from 
the  other  side ;  and  if  this  fluid  is  suffered  to  escape,  the  remain- 
ing, matter  exerts  its  attraction  on  the  fluid  which  has  been  imparted 
to  the  first  side,  and  allows  it  to  be  accumulated  in  a  much  greater 
quantity  than  could  have  existed  in  an  equal  surlsce  of  a  conduct. 
log  substance.    lathis  state  the  body  is  said  to  be  charged;  and 


Ifce  eaadnp  be  wwri. 
mtj  be  fnimaBf 


mplayed  la  the  Jbtm  of  «  jar. 

vitrr,  or  wjdb  irOD  filinfs 

BWile  known  fram  tbe 

at  Uydvn,  it  wu  caUrd  Uie  Lefdea  ^kU;  btf  at  piesMta 

ing  of  tin  foil  b  oonmoDljr  applM  an  Mi  ado  rfthe  jw,  haii^  I 

■  »ffideat  space  at  its  npper  part,  to  tToid  tke  i^ 

duTga,  abich  woatd  oflen  lake  pUce  betwwa  tbe  rnafiy.  if  tb^  J 

approactiMl  too  near  to  t*ch  other ;  and  a  ball  is  fixed  t»  tbe  wwy.l 

■hidi  ha*  a  caaunanicatioB  aitb   tbe  iaierval  CMtiag^  aad  by  f 

means  of  Mbich  tbe  jar  b  charged,  while  Ibe  eitenal  coatiag  b  J 

allowed  to  comatuiicale  with  the  groimd.     A  coflectiaa  of  m 

Jar*  b  called  a  batterr ;   and  an  apparatus  of  tbb  kiod  bhjt  b*  *j 

powerfnl,  fay  increasiog  (he  number  of  jart,  aa  ta  e 
m^Dj  (triking  effects  bj  the  010(100  of  ibe  electric  Inid^  ia  ila   { 
pastap  (ran  one  to  the  other  of  the  surfaces. 

Tbe  conditciiiig  powers  of  different  sabstaoces  are  ronremed^  | 
oot  only  ia  tbe  bcilitf  wiih  which  the  motions  of  tbe  electric  fiaid  ' 
■re  directed  into  a  particular  chann*!!,  bat  also  in  many  cases  of  | 
ils  equiUbriuin,  and  particularly  in  the  properties  of  charged  sgb- 
aiaiicei,  which  depend  on  Ihe  resistance  opposed  by  noncoodoctois  I 
la  the  ready  transmusioD  of  the  fluid.    Tbe»  powers  may  b* 
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compared,  by  ascerUiDiiig  the  greatest  length  of  each  of  Ihe  nb* 
stances  to  be  examined,  through  which-  a  spark  or  a  shock  will 
take  its  coarse,  in  preference  to  a  gi?en  length  of  air,  or  of  any 
other  standard  of  comparison.  The  substances  which  oondvet 
electricity  t|ie  most  readily,  are  metals,  well  burnt  charcoal^ 
animal  bodies,  acids,  saline  liquors,  water,  and  Tery  rare  air. 
The  principal  nonconductors  are  glass,  ice,  gems,  dry  salts,  svU 
phur,  amber,  resinrt,  silk,  dry  wood,  oils,  dry  air  of  the  nsaal 
density,  and  the  barometrical  Tacuum.  Heat  commonly  faicreases 
the  conducting  powers  of  bodies ;  a  jar  of  glass  may  be  dischaf|^ 
by  a  moderate  heat,  and  liquid  resins  are  capable  of  transmitting 
shocks,  although  they  are  by  no  means  good  conductors :  It  la 
remarkable  also  that  a  jar  may  be  discharged  by  minute  agitation^ 
when  it  u  caused  to  ring  by  the  friction  of  the  finger.  It  has  been 
obserred  that,  in  a  great  yariety  of  rases,  those  substances  which 
are  the  best  conductors  of  heat,  afford  also  the  readiest  passage  to 
electricity ;  thus,  copper  conducts  heat  more  rapidly,  and  electri- 
city more  readily,  than  iron;  and  plstina  less  than  almost  any 
other  metal :  glass  also  presents  a  considerable  resistance  to  tbo 
transmission  of  both  these  influences.  The  analogy  is,  howe? er, 
in  many  respects  imperfect,  and  it  affords  us  but  little  light,  with 
regard  either  to  the  nature  of  heat,  or  to  that  of  the  electric  fluid. 

lYoung'i  Nai.  Fhii. 

6BCT10N  III. 

Electricity  in  Motion. 

TuE  manner  in  which  the  electric  fluid  is  transferred  from  one 
body  to  another,  the  immediate  effects  of  such  a  transfer,  the 
causes  which  originally  disturb  the  equilibrium  of  eleotridty,  and 
the  practical  methods  by  which  all  these  circumstances  are  regu* 
lated  and  measured,  require  to  be  considered  as  belonging  to  the 
subject  of  electricity  in  motion.  Among  the  modes  of  excitation 
by  which  the  equilibrium  is  originally  disturbed,  one  of  the  most 
interesting  is  the  gaWanic  apparatus,  which  has  been  of  late  years 
a  Tery  faTOurite  subject  of  popular  curiosity,  and  of  which  the 
theory  and  operation  will  be  briefly  examined,  althou^  the  sntject 
appears  rather  to  belong  to  the  chemical  than  to  the  mechanical 
doctrine  of  electricity. 

The  progress!? e  motion  of  the  eleetric  fluid  through  conductiql 
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nbttiBCc*  ia  so  rapid,  at  to  be  pprfotmpit  id  all  caE<<s  nithiut  ft 
■niUbl*  inurval  of  lime.  It  has  iRd<^  b-rn  said,  ihai  when  ?ery 
veaklv  Mciled,  and  ublifrod  t„  pa^s  to  ■  fcr;  fireal  distam  p,  s 
p»fvptibr«  purtjon  of  l<mf  is  atru.illy  oti-upi<>(l  in  its  pasMf^r  ;  but 
Ikii  fact  ti  somewhat  duubiiul,  and  aticmpis  liare  been  made,  in 
ntn,  tofsdmate  lb"  tnt'Tral  tinploypd  in  the  transinis»ion  of  s 
Ihock  thFoofh  spvursl  miles  of  wire.  We  are  not  to  imagine  that 
the  Mat"  particki  of  iI>p  lluid  which  crti-  r  at  om  pari,  paa?  (hrou^ 
Iftc  vlwU  coDductiait  substance,  any  more  than  that  the  game  por* 
tioa  of  blood  which  iK  (brown  out  of  (he  h<>ari,  in  each  puUalion, 
tnirtt  U  the  wri«(  at  the  instant  (hat  Ihe  pulse  k  felt  there.  Tha 
tcloritjr  of  th''  rranamissioD  of  a  «paih,  or  sliocb,  far  eirecds  tb«  , 
actual  filnrilj  of  t-ach  particle,  in  ihe  tnuie  msntier  as  (h«  Telocity 
0/  ■  wac  «3c#rds  that  of  the  particles  of  water  concerned  in  iU  * 
propaf^aiioD ;  and  this  relucily  must  depend  buth  on  the  elasticity 
of  (he  flaid,  ■■'Uii  on  the  force  with  which  it  in  conGnfd  to  the  con. 
dnrlinf;  iiibitincr.  If  this  force  were  merely  d-r^Ted  from  the 
prvnurt  t;E  the  almasphere.  we  might  infer  llie  deii'ity  of  the  fluid 
ffum  tbe  *«\ocil]r  of  a  ipeik  or  'hock,  cotipaird  uitli  that  of  1 
•owatl ;  or  we  might  deduce  its  Ttlucity  from  s  'littrminatiun  of  ' 
H*  density.  Jl  bu  been  supposed,  although  perhaps  somewhat 
hastily,   (hat  Itie  actual  Telocity  is  nearly  e(]iial  to  thai  of  li(.ht. 

WbiB  a  conducting  substance  approaches  anulher,  which  i| 
lleclri&»d.  the  distribution  uf  the  electric  fluiu  nilhin  it  is  n-ces.  . 
■arily  altered  by  induction,  before  it  reteiies  a  spnrk,  so  that  iti 
trmoter extrenrity  is  brought  into  a  slate  simi'ar  tu  that  of  tlie  first 
body:  hence  it  hap|>ens  that  wht'D  the  spnrk  passes,  itproiJu>e> 
In*  effect  at  the  remoter  end  of  the  substance,  while  the  part  pre- 
•Mlcd  to  the  electrified  body  is  most  affected,  on  account  of  itl 
nddrn  rhani!*  to  an  opp'wlte  state.  Bui  if  both  ends  approach 
kodiei  in  opposite  states  of  electricity,  they  uill  both  be  sir^^nglj 
Ifiected  when  tJie  shock  takes  plare,  «bile  the  middle  of  th«  dr* 
suit  vndrtguet  bat  little  chan.;e. 

The  Bianner  in  which  the  electric  fluid  makes  its  way  Ihrongh  a 
■ore  or  lest  perfect  conductor,  is  not  completely  onderstooil :  k  , 
k  (foublful  wbttber  the  substance  is  farced  away  on  1  ach  side,  m 
■I  to  leave  a  racnum  tur  the  passage  of  the  fluid,  or  wlx'ther  the 
newly  formvd  surface  helps  to  guide  it  in  its  way  ;  and  in  Mdm 
nai  I  U  tas  be«ti  supposed,  that  the  gradual  communication  of  elec> 
tridty  bn  rendered  the  subclauce  more  capable  of  conducting  it. 
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cfither  immediatel j,  or,  in  the  case  of  the  air,  by  first  rarefying  it. 
Howerer  this  may  be,  the  perforation  of  a  jar  of  glass  by  an 
Of  ercharge,  and  that  of  a  plate  of  air  by  a  spark,  appear  to  be 
effects  of  the  same  kind,  although  the  charge  of  the  jar  b  princi- 
pally contained  in  the  glass,  while  the  plate  of  air  is  perhaps  little 
concerned  in  the  distribution  of  the  electricity. 

The  actual  direction  of  the  electric  current  has  not  in  any  in. 
stance  been  fully  ascertained,  although  there  are  some  appearances 
which  seem  to  justify  the  common  denominations  of  posttife  and 
negatiye.  Thus,  the  fracture  of  a  charged  jar  of  glass,  by  spoil* 
taneous  eiplosion,  is  well  defined  on  the  positire,  and  splintered 
on  the  negatiTe  side,  as  might  be  expected  from  the  passage  of  a 
foreign  substance  from  the  former  side  to  the  latter ;  and  a  caadlt^ 
held  between  a  positiye  and  a  negatire  ball,  althongfa  it  apparently 
vibrates  between  them,  is  found  to  heat  the  negatiro  bafi  mndi 
more  than  the  positi? e.  We  cannot,  however,  place  much  depend, 
ance  on  any  circumstance  of  this  kind,  for  it  is  doubtful  whether 
any  current  of  the  fluid,  which  we  can  produce,  possesses  snffi« 
cient  momentum  to  carry  with  it  a  body  of  sensible  magnitude.  It 
is  in  fact  of  little  consequence  to  the  theory,  whether  the  terms 
positire  and  negatiye  be  correctly  applied,  provided  that  their 
sense  remain  determined;  and  that,  like  positive  and  negative 
quantities  in  mathematics,  they  be  always  understood  of  states 
which  neutralise  each  other.  The  original  opinion  of  Daiay,  of 
the  existence  of  two  distinct  fluids,  a  vitreous  and  a  resinous  elec 
tricity,  has  at  present  few  advocates,  although  some  have  thongirt 
such  a  supposition  favoured  by  the  phsenomena  of  the  galvanic 
decomposition  of  water. 

When  electricity  is  simply  accumulated  without  motion,  it  does 
not  appear  to  have  any  effect,  either  mechanical,  chemical,  or 
physiological,  by  which  its  presence  can  be  discovered ;  the  acce. 
leratiun  of  the  pulse,  and  the  advancement  of  the  growth  of  plantS| 
which  have  l>een  sometimes  attributed  to  it,  have  not  lieen  con* 
firmed  by  the  most  accurate  experiments.  An  uninterrupted  cur« 
rent  of  electricity,  through  a  perfect  conductor,  would  perhaps  be 
also  in  ererj  respect  imperceptible,  since  the  l>est  eondnotors 
appear  to  be  the  least  afiected  by  it.  Thus,  if  we  place  our  hand 
on  the  conductor  of  an  electrical  machine,  the  eiectricity  will  pass 
off  continually  through  the  body,  without  exciting  any  sensation. 
A  coostant  stream  of  galvanic  electricilyy  passif  througii  an  irosi 
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«uc,  tl,  tmncver,  capable  of  excitio^  a  considerable  degree  of  ' 
bcftt ;  aad  if  it  be  Irammitted  throDgh  the  hands  of  the  upEtator, 
it  Bill  prodace  ■  alighi  numbness,  aJthuugh  in  general  some  inters 
nittian  of  the  currpnt  is  necessary,  iu  order  to  furnish  an  bccu> 
BoUiian  sufficient  to  produce  ienaible  etfecli  ;  and  such  aa  inter. 
niptiun  ■»•/  even  increase  tiie  effect  of  a  single  eparlc  or  tihock; 
thitv,  gunpowder  is  more  readily  fired  by  the  discharge  of  a  baiter^ 
pttMiaj  ibrough  an  interrupted  circuit,  than  through  a  series  of 
peifi«(  coaducton. 

Tha  nosi  common  effect  of  the  motion  of  the  electric  fluid  is  th» 
pndactloa  of  li^ht.  Light  'a  probably  never  occasioned  by  tha 
panag*  of  llie  Quid  through  a  perfect  conductor;  for  nhen  the 
Asctef^*  of  a  large  baliery  renders  a  Bmall  wire  luminous,  the 
Ind  U  no4  wholly  conlined  to  Ihe  wire,  but  overllows  a  little  into 
lb»  lMigliboDri«g  space.  There  is  always  an  appearance  of  light 
wk*B*t«r  ibc  path  of  Ihe  Quid  is  interrupted  by  an  imperfect  con* 
M>r  is  the  apparent  contact  of  conducting  substances  sulR. 
rient  to  present  it,  nnless  they  are  held  togvlher  by  a  considerable 
I6t««  ;  thus,  ■  cbain,  contrying  a  spark  or  shuck,  appears  lumi. 
■out  at  emch  link,  and  the  rapidity  of  the  motion  is  so  great,  that 
we  can  nerer  observe  any  dilTerence  in  the  times  of  Ihe  appearance 
•f  Ihe  Ufbt  ia  Ua  diflerent  parts;  so  that  a  series  of  luminous 
yoinU,  lormcd  by  iho  passage  of  (he  electric  fluid,  between  a 
String  of  cooducling  bodii'S,  represents  at  once  a  brilliant  delinea- 
Qon  of  the  wkuU  Ggore  in  whicb  they  are  arranged.  A  lamp  of 
•■far,  a  piece  of  wood,  or  an  egg,  may  easily  t>e  made  luminous 

this  maimer;  and  many  substances,  by  means  of  their  proper. 

a  as  solar  phosphor!,    retain    for  some  !<('Conds  the  luminous 

iranuice  thus  acquired.     Even  water  is  so  imperfect  a  conductor, 

a  llrong  sliock  may  be  seen  in  its  p3<:sBge  through  it ;   and  when 

all  ii  lafGciently  moistened  or  rarefled  to  become  a  conductor, 

A*  Cack  of  the  fluid  through  it  is  indicated  by  streams  of  light, 

tVhich  at*  perhaps  derived  from  a  series  of  minute  sparks  passing 

itweeo  the  particle*  of  water,  or  of  rarefied  air.     When  the  air  is 

Iremely  rare,  the  light  is  greenish ;  as  it  becomes  more  dense, 
Ac  light  becomes  blue,  and  then  violet,  nntil  it  ni>  longer  con- 
The  appearance  of  the  electrical  licbl  of  a  point  enables 
Bs  to  distinguish  the  nature  of  the  electricity  with  which  it  is 
charged;  a  peocil  of  light,  streamiog  from  the  point,  indicating 
tiiat  Jti  aleclticity  is  positive;   while  a  lomiauus  (tar,  with  fe« 
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dhrerging  rayi ^  slfows  that  k  is  negatire.  The  sparks,  ^iUttd 
by  small  balls,  differenti  j  p|ectrified|  have  also  similar  Tarieties  ift 
their  forms*  according  to  the  oatnre  of  their  charges. 

The  prodnctioQ  of  heat  by  electricity  frequently  accompanies 
that  of  light,  and  appears  to  depend  in  some  measure  on  the  same 
drcomstances.  A  fine  wire  may  be  fused  and  dissipated  by  the 
discharge  of  a  battery;  and  without  being  perfectly  melted,  it 
may  sometimes  be  shortened  or  lengthened,  accordingly  as  it  is 
loose  or  stretched  daring  the  eiperiment.  The  more  readily  a 
me  al  conducts,  the  shorter  is  the  portion  of  it  which  the  same 
shock  can  destroy ;  and  it  has  sometimes  been  found,  thata  doable 
charge  of  a  battery  has  been  capable  of  melting  m  quadruple  lengtii 
of  wire  of  the  sam^  kind. 

The  mechanical  effects  of  electricity  are  probably  in  many  cases 
the  consequences  of  the  rarefaction  produced  by  the  heat  which  is 
excited  ;  thus,  the  explosion  attending  the  transmission  of  a  shock 
or  spark  through  the  air,  may  easily  be  supposed  to  be  deriTed 
from  the  expansion  caased  by  heat ;  and  the  destruction  of  a  glass 
tube,  which  contains  a  fluid  in  a  capillary  bore,  when  a  spark  is 
caased  to  pass  through  it,  is  the  natural  consequence  of  tlie  con* 
▼ersion  of  some  particles  of  the  fluid  into  Tapoor.  But  when  a 
glass  jar  is  perforated,  this  rarefaction  cannot  be  supposed  to  be 
adequate  to  the  effect.  It  is  remarkable  that  such  a  perforation 
may  be  made  by  a  Tery  moderate  discharge,  when  the  glass  is  in 
contact  with  oil  or  with  sealing  wax ;  and  no  sufficient  explanation 
of  this  circumstance  has  yet  been  giyen. 

A  strong  current  of  electricity,  or  a  succession  of  shocks  or 
sparks,  transmitted  through  a  substance,  by  means  of  fine  wireS| 
is  capable  of  producing  many  chemical  combinations  and  deeom* 
positions,  some  of  which  may  be  attributed  merely  to  the  heat 
which  it  occasions,  but  others  are  wholly  different.  Of  these  the 
most  remarkable  is  the  production  of  oiygen  and  hydrogen  gat 
from  common  water,  which  are  usually  extricated  at  once,  in  such 
quantities,  as,  when  again  combined,  will  reproduce  the  water 
which  has  disappeared;  but  in  some  cases  the  oxygen  appears  to 
be  disengaged  most  copiously  at  the  positi? e  wire,  and  the  hydro* 
gen  at  the  negatife. 

When  the  spark  it  receired  by  the  tongue,  it  has  generally  a 
subadd  tuto ;  and  an  explosion  of  any  kind  is  usually  accompa. 
nitd  bf  a  •mail  somewhat  like  that  of  sulphurj  or  rather  of  fired 
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Mnpowder.     The  peculiar  sensation  which  the  ctcclric  6uid  oci 

» in  llie  huBiRn  frame,  appears  in  gcaeral  to  be  derived  from 
tlie  ipaimodic  contractions  of  the  muscles  through  which  it  passes  ; 
rilbough  in  tome  cases  it  produces  pain  uf  a  different  kind ;  thus, 
Ibr  »p>rk  of  a  conductor  occasions  a  disagreeable  seDsalion  in  tlic 
■kiBf  and  when  an  excoriated  surface  is  placed  in  the  galvanic  cur- 
ivnl,  a  tense  of  smarting,  mixed  nith  burning,  is  experienced. 
Snoietimei  (he  eifert  of  a  sIiocIe  is  felt  most  |>owerrully  st  the  joinia, 
M  accounl  of  the  diflicalty  which  the  fluid  finds  in  parsing  (ha 
■rticnlating  surfaces  which  fortn  the  cavity  of  the  joints.  The 
widet)  drath  of  an  animal,  in  consequence  of  a  violent  shock,  it 
probably  owing  to  the  immediate  exhaustion  of  the  whole  energy 
«f  (he  nervous  system,  tt  is  remarkable  that  a  very  minute  (re- 
■or,  commuBicated  to  the  most  elastic  parts  of  the  body,  in  par- 
ticuUr  to  (he  rbett,  produces  an  agitation  of  the  nerves,  which  is 
■ot  wholly  unlike  the  effect  of  a  weak  electricity. 

Tb«  priacipal  modes  in  which  the  electric  equilibrium  is  prima- 
l%j  destroyed  are,  simple  cotitacl,  friction,  a  change  of  the  form 
of  sffites*tioo,  and  chemical  cooibtnations  and  dccompositioni. 
The  etectricify  produced  by  (he  simple  contact  of  any  two  sub. 
Maaces  is  eilremely  weak,  and  can  only  be  detected  by  very  de> 
Hcate  eiperiraents :  in  general  it  appears  that  the  substance,  which 
condncta  the  more  readily,  acquires  a  slif^ht  degree  of  negative 
tieclricity.  while  the  other  substance  is  positively  electiified  in  an 
•qual  degree.  The  same  disposition  of  the  fluid  is  also  usually 
produced  by  friction,  the  one  substance  always  losing  as  much  a» 
tbe  other  caiDi ;  and  commonly,  although  not  always,  the  worst 
(ojidnclor  becomes  positive.  At  the  instant  in  wliich  tiie  friction 
li  applied,  (he  capacities  or  attractions  of  the  bodies  for  electricity 
I  appear  to  be  altered,  and  a  greater  or  less  quantity  is  required 
bv  satarsting  them;  and  upon  the  cessation  of  the  temporal^ 
dMBp,  Ikis  redundancy  or  deficiency  is  rendered  sensible.  When 
two  tvtaituices  of  the  same  kind  are  rubbed  together,  the  smaller 
or  the  lODgher  becomes  negatively  electrified;  perhaps  becauce 
I  |fc«  CBialter  surbea  is  more  heated,  in  consequence  of  lis  under. 
foiBg  mor*  friction  than  an  equal  portion  of  the  larger,  and  henc« 
becomes  a  better  conductor  ;  and  because  the  rougher  in  itself  i* 
k  better  cooductor  than  the  smoother,  and  may  possibly  have  ita 
eondaciing  powen  increased  by  tb*  greater  agitation  of  its  part* 
wUcb  tlw  friction  produces.    The  back  of  a  live  cat  becomqi 
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positively  electrified,  with  whaterer  substance  it  is  rubbed ;  glass 
is  positive  in  most  cases,  but  not  when  nibbed  with  mercnrjr  in  a 
yacuuiDy  although  sealing  wax,  which  is  generally  negative,  is 
rendered  positive  by  immersion  in  a  trough  of  mercury.  When  a 
white  and  a  black  silk  stocking  are  rubbed  together,  the  white 
stocking  acquires  positive  electricity,  and  the  black  n^;ative; 
perhaps  because  the  black  dye  renders  the  silk  both  rougher,  and 
a  better  conductor. 

Those  substances,  which  have  rery  little  conducting  power,  are 
sometimes  called  electrics,  since  they  are  capable  of  exhibiting 
readily  the  electricity  which  friction  excites  on  their  surfaces, 
where  it  remains  accumulated,  so  that  it  may  be  collected  into  a 
conductor ;  while  the  surfaces  of  such  substances  as  have  greater 
conducting  powers,  do  not  so  readily  imbibe  the  fluid  from  others 
with  which  they  are  rubbed,  since  they  may  be  supplied  from  the 
internal  parts  of  the  substances  themselves,  when  &eir  altered 
capacity  requires  it;  thus,  glass,  when  heated  to  110^ of  Fahren« 
heit,  can  with  difficulty  be  excited,  becoming  an  imperfect  con- 
ductor: but  a  thin  plate  of  a  conducting  substance,  when  in- 
sulated, may  be  excited  almost  as  easily  as  an  electric,  commonly 
80  called. 

Vapours  are  generally  in  a  negative  state,  but  if  they  rise  from 
metallic  substances,  or  even  from  some  kinds  of  heated  glass,  the 
effect  is  uncertain,  probably  on  account  of  some  chemical  actions 
which  interfere  with  iU  Sulphur  'becomes  electrical  in  cooling, 
and  wax  candles  are  said  to  l>e  sometimes  found  in  a  state  so  elec- 
trical, when  they  are  taken  out  of  their  moulds,  as  to  attract*  the 
particles  of  dust  which  are  floating  near  them.  The  tourmalin,  and 
several  other  crystallized  stones,  become  electrical  when  heated 
or  cooled,  and  it  is  found  that  the  dbposition  assumed  by  the 
fluid,  bears  a  certain  relation  to  the  direction  in  which  the  stone 
transmits  the  light  most  readily ;  some  parts  of  the  crystal  being 
rendered  always  positively  and  others  negatively  electrical,  by  an 
increase  of  temperature. 

The  most  remarkable  of  the  pbacnomena  attending  the  excitation 
of  electricity  of  chemical  changes,  are  those  which  have  lately 
received  the  appellation  of  galvanic.  Some  of  the  effects  which 
have  been  considered  as  belonging  to  galvanism  are  probably  de- 
rived from  the  electrical  powers  of  the  animal  body,  and  the  rest 
have  been  referred  by  Mr.  Volta,  and  many  othtr  philosophers 
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•s  tha  eoalinent,    ta  the  mere  mechanical  actioiu  of  bodirs  po^m 
■  Mill!  m(  diffennt  properties  with  regard  to  rlKclricity,     Thua,^ 
Ibejr  tare  witpoMd  thiit  n-hni  a  circulation  of  the  oleetric  fluid  ia  I 
fndaaed  ibrou^h  a  loug  tcrl'-s  or  iubstanct^s  in  a  t«r(ain  diretw 
titn,  tke  ilill'ereRC«s  of  IhoJr  allriictiuiis  and  of  tlieir  couductiog 
pollen,  «kicli  muat  remain  the  laiue  Uiraugh<iut  the  pracest,  ketft   J 
np  this  prritrtual  motion,  in  defiitnt-'e  of  the  general  lawx  u(  iQ4a  J 
duDical  fofci.     In  this  country  it  lias  been  gviicrally  mnintainod)  J 
thu  no  riplanotion  ronndeil  on  such  |>rinr,i|)les  roulil  be  admii.    ' 
«ibk,  *Tcn  if  il  were  in  all  other  respects  suHictent  and  aatisfaca    1 
lory,  whicbthe  oiechanicnl  theory  ot  galraui^m  certainly  is  iiot.     1 
llw  pbcnomf na  of  galvanism  appear  to  be  principally  dorivs^.  I 
fruB  an  in^uality  in  the  dislribulion  of  the  electric  Huid,  urigw   ] 
Btliog  (toia  cbemical  changes,  and  uiaintaineil  by  means  of  ths 
Kiistaiice  o[qrawd   to  its  uiotiun,  by  a  cootiaued  alteTatiuu  of 
Mbstuices  at  different  kinda,  which  famishes  a  much  stronger 
•hladc  to  its  lrM»inii»ion  than  any  of  those  subslances  alon« 
.■Duld  have  dune.    The  substances  employed  must  neither  coniitt   1 
^loVly  of  talida  iM>r  of  fluids,  and  they  must  Ik  of  three  different    ' 
.kinds,  |xtts«ssed  of  different  powi-rs  of  conducting  electricity; 
ibat  'Kbetker  the  difference  of  their  conducting  powers  is  of  auy 
filler  consequence  Iban  as  it  accompanies  dilTeretit  chemiiial  pro. 
'i^rtin,  is  hitherto  undetermined.     Of  these  three  substances,  two 
•^UMt  posHU  a  power  or  acting  mutually  on  each  other,  while  the 
ler  appears  to  lerre  principally  fur  making  »  separate  connexion 
)<b«tweeo  them :  and  tbi^  action  may  be  of  two  kinds,  or  perhapa 
(■ore;  the  one  is  oxidation,  or  the  combination  of  a  melui  or  an 
ibfannnable  subitance  with  a  portiuit  of  oxygen  derived  from  water 
1  at  from  acid  ;  ibe  olbcr  sulphuration,  ur  a  combination  with  ths 
^tlphur  runlaioed  in  a  solution  of  an  allialine  sulphuret. 

Wk  may  represent  the  effects  of  all  galranic  combioalions,  by 
'Comidwitt;  (ha  oxidation  as  producing  positive  electricity  in  the 
••Cling  liqvU,  and  tbn  Fulphurntion  as  producing  nogatiTe  electrl- 
,4lt/,  ud  by  lOA^ng  that  thi;  electricity  is  alwayi  communicated 
<i  the  beat  coodoctor  of  the  other  substances  roncorned,  so  as  ta 
fradac«  a  circnlalioD  in  the  direction  thus  determined.  For  ex- 
— 9la,  wlwn  two  wires  of  zinc  and  siWer,  touching  each  other, 
!ir«  acpv-atoly  immer»d  in  an  acid,  the  acid,  becoming  positively 
tiectrical,  iniarli  ita  electricity  to  the  siUcr,  and  hence  it  Hows 
back  iaift  tW  sine :  when  the  ends  of  a  piece  of  charcoal  «• 
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dipped  into  water  and  into  an  acid,  connected  together  by  a  small 
tube,  (be  acid,  becoming  positiTe,  sends  its  superfluous  fluid 
through  the  charcoal  into  the  water ;  and  if  a  wire  of  copper  be 
dipped  into  water  and  a  solutioa  of  alkaline  sulphuret,  connected 
with  each  other,  the  snlpbnret,  becoming  negatire,  will  draw  the 
fluid  from  the  copper  on  which  it  acts :  and  in  all  these  cases  the 
direction  of  the  current  is  truly  determined,  as  it  may  be  shewn 
by  composing  a  battery  of  a  number  of  alterations  of  this  kind, 
and  either  examining  the  state  of  its  difiierent  parts  by  electrical 
tests,  or  connecting  wires  with  Its  extremities,  which,  when  tnu 
mersed  into  a  portion  of  water,  will  exhibit  the  production  of 
oxygen  gas  where  they  emit  the  electric  fluid,  and  of  hydrogen 
where  they  receire  it.  These  processes  of  oxidation  and  of  snU 
phuration  may  be  opposed  to  each  other,  or  they  may  be  com. 
bined  hi  Tarions  ways,  the  sum  or  difierence  of  the  separate  actions 
being  obtained  by  their  union ;  thus  it  usually  happens,  that  both 
the  metals  employed  are  oxidable  in  some  degree,  and  the  oxide, 
tion,  which  takes  place  at  the  surface  of  the  better  conductor, 
tends  to  impede  the  whole  effect,  perhaps  by  impeding  the  passage 
of  the  fluid  through  the  surface.  The  most  oxidable  of  the  metali| 
end  probably  the  worst  conductor,  is  zinc ;  the  next  is  Iron ;  then 
come  tin,  lead  copper,  silrer,  gold,  and  platina. 

In  the  same  manner  as  a  wire  charged  with  positive  electricity 
causes  an  extrication  of  oxygen  gu,  so  the  supply  of  electric!^ 
through  the  more  conducting  metal  promotes  the  oxidation  of  the 
zinc  of  a  galranic  battery ;  and  the  cfiect  of  this  circulation  may  be 
readily  exhibited,  by  fixing  a  wire  of  zinc  and  another  of  silter 
or  platina,  in  an  acid,  while  one  end  of  each  is  loose,  and  may 
be  brought  together  or  separated  at  pleasure :  for  at  the  momeit 
that  the  contact  takes  place,  a  stream  of  bubbles  rising  from  the 
platina,  and  a  white  cloud  of  oxid  falling  from  the  zinc,  indlcsiCe 
both  the  circulation  of  the  fluid  and  the  increase  of  the  chemical 
action.  *But  when,  on  the  other  hand,  a  plate  of  zinc  is  made 
negatire  by  the  action  of  an  acid  on  the  greater  part  of  its  surfiice, 
a  detached  drop  of  water  has  less  eflect  on  it,  than  in  the  natural 
state:  while  a  plate  of  iron,  which  touches  the  zinc,  andformsii 
part  of  the  circle  with  it,  is  rery  readily  oxidated  at  a  distant 
point:  such  a  plate  must  therefore  be  considered,  with  regard  fti 
this  effect,  as  being  made  positive  by  the  electricity  which'  it  ri« 
ceives  from  the  acid  or  the  watery  unless  something  like  a 
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It  if  obvkMS,  thai  nee  ^ 
a  gilTsiiic  aide,  farilifafrf  tkaoe 
aredatiffd,  Um  efied  of  a  doabU 
at  ^rcel »  tkat  1^  a  sof^oae:  aad 
tbe  pile  of  Talta,  tke  dacoreiy  of  vUdi  fns  tW 
eia  ia  tiM  kistorj  of  lUs  d^artsrat  of  aitaral 
feteositj  of  die  electrical  ckirfe,  aad  ike 
gical  elects  of  a  pile  or  bitterj,  seea  to 
Ike  aamber  of  aitetatiooi  of  sabitanrrs;  tlw  lig|e  aad 
an  tke  joint  vagutade  of  tlw  sorfrces  eoplojed.  la 
electridtfy  Ike  gmtat  heat  appean  to  be  occanoMed  hj  a 
cofidoaatida  of  a  slov  aurtioo  of  tike  laid ;  aad  Ikes  ii  peikapa 
best  faraisked  in  fdvaaisai  bj  a  sarface  of  lar^  ezteat,  wUHt 
toBie  olker  effects  anj  Terj  natonllj  be  expected  to  depend  on 
the  loteosily  of  Ike  ckarge«  independeotlj  of  Ike  qaantitj  of  ckir|ied 
tarfiice.  1 1  nuj  easilj  be  ima^ned,  tkat  the  tensioo  of  tke  fold 
Binst  be  nearly  propoitiooatc  to  the  namber  of  surfaces,  imper* 
fectlj  coodacting.  whicb  are  interposeil  bet veen  tke  eods  of  a  pile 
or  battery,  tke  density  of  the  fluid  becoming  greater  and  greater 
by  a  limited  qoantity  at  each  step :  and  it  15  easily  onderstood, 
fluU  any  point  of  tke  pile  may  be  rendered  neatral,  by  a  conoeo» 
Hon  witk  the  earth,  ahile  those  parts,  which  are  aboTe  or  beloir 
it, win  s6n  preserre  their  rclatioDS  unaltered  with  respect  to  eack 
otkcr:  the  opposite  extremities  being,  like  the  opposite  aorface  of 
a  ckarged  jar,  in  contrary  states,  and  a  partial  discharge  being 
piodnced^  as  often  as  they  are  connected  by  a  conducting  sub* 
stance.  Tke  rarioos  forms  in  which  the  piles  or  troughs  are  coo. 
Stradad,  are  of  little  consequence  to  the  theory  of  their  operation: 
te  mat  convenient  are  the  Tarnished  troughs,  in  which  plates  of 
rilfefcd  zinc  are  arranged  side  by  side,  with  interreniog  spupes  fot 
ttt  reccplioa  of  wnter^  or  of  an  ackl. 
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It  is  unquestionable  that  the  torpedo,  the  gjmnotas  electricas, 
and  some  other  fishes,  have  organs  appropriated  to  the  excitation 
of  electricity,  and  that  they  hare  a  power  of  commanicating  thia 
electricity  at  pleasure  to  conducting  substances  in  their  neighbour- 
hood. These  organs  somewhat  resemble  in  their  appearance  the 
plates  of  the  galvanic  pile,  although  we  know  nothing  of  the  im* 
mediate  arrangement  from  which  their  electrical  properties  are 
derived  ;  but  the  effect  of  the  shock  which  they  produce,  resembles 
in  all  respects  that  of  the  weak  charge  of  a  very  large  bat. 
tery.  It  has  been  shown  by  the  experiments  of  GaWani,  Volta, 
and  Aldtniy  that  the  nerves  and  muscles  of  the  human  body  posseia 
some  electrical  powers,  although  they  are  so  much  less  concerned 
in  the  phaenomcna  which  were  at  first  attributed  to  them  by  Gal- 
Tani,  than  he  originally  supposed,  that  many  philosophers  hare 
been  inclined  to  consider  the  excitation  of  electricfty  as  always 
occasioned  by  the  inanimate  substances  employed,  and  the  8pas« 
modic  contractions  of  the  muscles  as  merely  very  delicate  tests  of 
the  influence  of  foreign  electricity  on  the  nerves. 

Such  is  the  general  outline  of  the  principal  experiments  and  con* 
elusions  which  the  subject  of  galvanism  afforded  before  Mr.  Davy*s 
tate  ingenious  and  interesting  researches,  which  have  thrown  much 
light,  not  only  on  the  foundation  of  the  whole  of  this  class  of 
phaenomena,  but  also  on  the  nature  of  chemical  actions  and  affinifies 
in  general.  Mr.  Davy  is  inclined  to  infer  from  his  experiments^ 
that  all  the  attractions,  which  are  the  causes  of  chemical  combina* 
tionS|  depend  on  the  opposite  natural  electricities  of  the  bodies 
concerned ;  since  such  bodies  are  always  found  by  delicate  tests, 
to  exhibit^  when  in  contact,  marks  of  different  species  of  elec- 
tricity; and  their  mutual  actions  may  be  either  augmented  or 
destroyed,  by  increasing  their  mutual  charges  of  electricity,  or  bj 
electrifying  them  in  a  contrary  way.  Thus  an  acid  and  a  metal 
are  found  to  be  negatively  and  positively  electrical  with  respect  to 
each  other ;  and  by  further  electrifying  the  acid  negatively,  and 
the  metal  positively,  their  combination  is  accelerated  ;  but  when 
the  acid  is  positively  electrified,  or  the  metal  positively,  they  have 
no  effect  whatever  on  each  other.  The  acid  is  also  attracted^ 
as  a  negative  body,  by  another  positively  electrified,  and  the 
metal  by  a  body  negatively  electrified,  so  that  a  metallic  salt  may; 
be  decomposed  in  the  circuit  of  Volta,  the  positive  point  attract*' 
ing  the  acid,  and  the  negative  point  the  metal :  and  these  attrac* 
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iou  vc  W  strong,  as  to  carry  the  particles  of  (be  respectiTe 
•dt«»  tfaraagh  an  iDlerrening  medium,  wliich  is  in  a  fluid  sUt«, 
r  rren  tJirpogh  a  moist  solid ;  nor  ar«  they  intercepleJ  in  Ihtir 
i»*f  by  subitsncps,  which  in  other  cases,  have  the  strongest 
•rtire  attmctioni  for  (b«m.  Alkali,  sulphur,  and  olkiline  sul- 
nreUf  are  postltfe  with  respect  to  the  metals,  ani)  much  mora 
lUi  mp«ct  to  the  acids  :  hence  they  have  a  *ery  strung  natural 
udfotj  to  combine  wilh  the  acids  and  with  oxygen ;  and  hydro. 
B  matt  aluo  be  considered  as  belatiging  to  the  same  clai>s  witl^ 
bBalkaliti. 

.  Suppo4iDg  now  a  plate  of  zinc  to  decompose  a  portion  of  water  ;, 
k  osygen,  which  has  a  negalire  properly,  unites  wilh  the  zinc,  < 
Ipd  probably  tends  to  neutralise  it,  and  (a  weaken  its  altractive 
;  (be  hydrogen  is  repelled  by  the  zinc,  and  carries  to  tii^ 
i||tpositf  ptate  of  silver  its  nalural  positive  electricity ;  and  if  the 
10  plates  be  made  to  touch,  the  energy  of  the  plale  of  zinc  is 
Morcd,  by  (be  electricity  which  it  receiies  from  the  silTer :  sad, 
||r«c*1rea  it  (he  more  readily,  as  the  two  metals, 

r  cootact,  ha*c  a  tendency  to  become  electrical,  the  zinc  posi> 
Stely,  and  (be  silrer  negatively.  Mr.  Divy  Iheriffoie  cousideri 
'li  chemicaiactioa  aa  destroying,  or  at  least  couuteracling,  the 

rni  UaAeacy  of  (he  electrical  lluiil  to  pass  from  (lie  water  lo^ 
riDC,  and  from  modilicatiDns  of  this  rounteraction  he  explain! 
Ihe  eAfcts  of  galtauic  coiiibiiialions  in  all  la^i^s.    Thus,  in  a  circle 

eioced  of  copper,  sulphurcl,  and  iron,  the  fluid  lends  (o  pas^ 
tbe  troD  (owards  (he  sulphure(,  and  from  (lie  copper  to  ih^ 
J  in  one  direction ;  anil  in  the  opposite  directiun  from 
^r  to  (he  sulphare(,  with  a  force  which  must  be  equal  to  bulb  the 
,  siace  there  would  otherwise  be  a  continual  motion  without 
■(ly  iju^chBnicjd  cause,  and  without  any  chemical  change  ;  but  the 
acCoa  of  the  sulphurol  on  the  copper  tends  to  destroy  its  elet:(ro. 

!■]  or  rather  electrophoric  power,  of  directing  the  curr 
towardi  tkt  tulphuret,  and  its  combination  with  the  sulpiiur  make! 
it  FJtber  poBtitdy  electrical,  or  negatiwly  electrical  in  a  les 
§denb\p  decree;  cansequeulty  the  fluid  parses,  nccurdiiig  (o  i(l     1 
Mtural  tendency,  from  the  copper  to  the  iron,  and  from  the  iron 
It  the  sulphuret.     la  a  third  case,  when  copper,  an  acid,  and 
vatM,  form  a  circle,  the  natural  tendency  is  from  the  acid  lo  tba 
COjipeT  on  one  side,  and  from  the  acid  to  the  water,  and  from  tb^  1 
^■ter  to  (he  capper  on  (he  other  ;  here  we  must  suppose  (he  first   | 
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force  to  be  only  a  little  weakened  by  the  chemical  actioD,  while 
the  third  is  destroyed,  so  that  the  first  OTercomes  the  second,  and 
the  circniation  is  detprmined,  although  very  feebly,  in  sach  a  direc. 
tion  that  the  fluid  passes  from  the  acid  to  the  copper.  When,  in 
the  fourth  place,  the  combination  consists  of  copper,  lalphuret^ 
and  water,  the  tendencies  are,  first,  from  the  copper  to  the  nil* 
phuret,  and  from  the  water  to  the  copper ;  and  secondly  from  the 
water  to  the  sulphuret :  in  this  instance  a  chemical  action  most  be 
supposed  between  the  oxygen  of  the  water  and  the  sulphuret^ 
which  lessens  the  electromotiTe  tendency  more  than  the  action  that 
takes  place  between  the  sulphuret  and  the  copper,  so  that  the  fluid 
passes  from  the  copper  to  the  sulphuret ;  and  the  current  has  even 
force  enough  to  prerent  any  chemical  action  between  the  water 
and  the  copper,  which  would  tend  to  counteract  that  force,  if  it 
took  place, 

Mr.  Davy  has  obserTed  that  the  decomposition  of  the  snbstancef, 
employed  in  the  battery  of  Volta,  is  of  much  more  consequence 
to  their  acfirity  than  either  their  conducting  power,  or  their  simple 
action  on  the  other  element  of  the  series  :  thus,  the  sulphuric  acid, 
which  conducts  flectricity  better,  and  dissolves  the  metals  more 
readily  than  a  neutral  solution,  is,  notwithstanding  less  active  in 
tlie  battery,  because  it  is  not  easily  decomposed.  Mr.  Davy  has 
also  extended  his  researches,  and  the  application  of  his  discoverieS| 
to  a  variety  of  natural  as  well  as  artificial  phenomena,  and  there 
can  be  no  doubt  but  that  he  will  still  make  such  additions  to  his 
eiperiments,  as  will  be  of  the  greatest  importance  to  this  branch 
of  science. 

The  operation  of  the  most  useful  electrical  machines  depends 
first  on  the  excitation  of  electricity  by  the  friction  of  glass  on  a 
cushion  of  leather,  covered  with  a  metallic  amalgam,  usually  made 
of  mercury,  zinc,  and  tin,  which  probably,  besides  being  of  use 
in  suppfying  electricity  readily  to  difi*erent  parts  of  the  glass,  un- 
dergoes in  general  a  chemical  change,  by  means  of  which  some 
electric  ity  is  excited.  The  fluid,  thus  excited,  is  received  into  an 
insulated  conductor  by  means  of  points,  placed  at  a  small  distance 
from  the  surface  which  has  lately  undergone  the  efiects  of  friction, 
and  from  this  conductor  it  is  conveyed  by  wires  or  chains  to  an/ 
other  parts  at  pleasure.  Sometimes  also  the  cushion,  instead  of 
being  connected  with  the  earth,  is  itself  fixed  to  a  second  con« 
doctori  which  becomes  negatively  electrified  i  and  either  conductor 
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oitbin  il  a  jar,  which  may  be  charged  ftt  once  by  th* 
•pentioQ  of  the  machine,  when  iU  inlernal  Burrace  is  connected 
cithrr  iriUi  the  earlh,  or  wilti  that  of  the  jar  coaUiDcd  in  the  op* 
pMi'te  ronduclor.  The  ^tas;  may  be  either  in  the  form  of  a  cir- 
cular t'hte  or  of  a  cylinder,  and  it  is  uacertaia  tvhich  of  the  ar* 
ttDgemenIs  iGTords  the  greatest  quBnIi)y  of  electricily  fiom  the   ' 

rftce  ;   but  the  cylinder  is  clieap'^r  than  Ibe  plate,   and  lei 
liable  to  accidents,  and  appears  lo  be  at  least  equally  powerful. 

The  plate  machine  in  the  Tcihrian  museum,  employed  by  Van  ~l 
Uarum,  when  worked  by  two  men,  eiciled  an  electricity,  of 
fthich  the  aKractiun  was  sensible  at  the  distance  of  thirty. pight 
feet,  and  which  oiade  a  point  luminous  al  twenty. seren  feel,  and 
BfTurded  tparks  ntarly  twenly.foor  inches  long.  Mr.  Wilson  had 
il»a  feir  yeais  ago,  in  the  Pantheon  in  London,  an  apparatus 
ing^ular  ettcnt;  the  principal  conductor  was  150  feet  long, 
lixleen  inches  in  diameter,  and  he  employed  a  circuit  of  4800 
itetof  wire. 

iphoms  derires  its  operation  from  the  properties  of  I 
indoced  electricity.     \  cake  of  a  nonconducting  substance,  coin>  A 
iDonly  of  reiin  or  of  sulphur,  is  first  excited  by  friction,  and  bfl>'  | 
comes  argtiifely  electric  ;  an  insulated  plate  of  a  coudui 
Ibnce,  being  placed  on  it,  does  not  come  sufficiently  into  contact' 1 
with  It  ttt  reCEire  its  electricity,  but  acquires  by  induction  an  op- 
posite ttate  it  its  lower  surface,  and  a  similar  stale  at  ils  upper; 
H  that  when  this  upper  and  negative  surface  is  touched  by  a  8ub> 
ttance  cotDmunicating  with  the  earth,  it  receives  enough  of  th* 
riectric  ftuid  to  restore  the  equilibrium.     The  plate  then  being   1 
raised,  the  nction  of  the  cake  no  longer  continues,  and  the  elec-    ' 
tridly,  which  the  plate  has  received  from  the  earlli,  is  imparted 
to  a  conductor  or  to  a  jar;  and  the  operation  may  be  continually 
icpeated,  until  the  jar  has  received  a  charge,  of  an  intensity  equal  j 
to  that  of  the  plate  when  raised.     Although  the  quantity  of  elec  ] 
tricity  received  by  the  plate,  is  exactly  equal  lo  that  which  i>  \ 
taittei  fcon  tt  at  tach  alternation,    yet  the    spark  is  far  lest 
Scnrible;  since  tbe  elfect  of  the  neighbourhood  of  the  cake  is  to 
iMCreuo  the  capacity  of  the  plate,  while  the  tension  or  force  inu 
priling  the  flnid  is  bnt  weak  ;  and  at  the  same  lime  the  quantity 
rtceived  is  iuHicient,  when  the  capacity  of  the  plate  is  again  dimi. 
aishtd,  to  prwluce  a  v ucli  greater  tension,  at  a  distanc*  froa  I 
t&eake 
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Tlie  condenser  acts  in  some  measure  on  the  same  principles  with 
the  electrophorus,  both  instruments  deriving  their  properties  frott 
the  e/Tects  of  induction.     The  use  of  the  condenser  is  to  collect  at 
iveak  electricity  from  a  large  substance  into  a  smaller  one,  so  as 
to  make  its  density  or  tension  sufficient  to  be  examined.     A  snail 
plate^  connected  with  the  substance,  is  brought  nearly  into  con- 
tact with  another  plate  communicating  with  the  earth ;  in  general 
a  thin  stratum  of  air  only  is  interposed ;  but  sometimes  a  noncon« 
ducting  Tarnish  is  employed  ;  this  method  is,  howerer,  liable  to 
some  uncertainty,  from  the  permanent  electricity  which  the  var- 
nish sometimes  contracts  by  friction.     The  electricity  is  accama. 
lated  by  the  attraction  of  the  plate  communicating  with  the  earth, 
into  the  plate  of  the  condenser  ;  and  when  this  plate  is  first  sepa* 
rated  from  the  substance  to  be  examined,  and  then  removed  fitnn 
the  opposite  plate,  its  electricity  is  always  of  the  same  kind  with 
tliat  Hhich  originally  existed  in  the  substance,  but  its  tension  is  so 
much  increased  as  to  render  it  more  easily  discoverable.     Thif 
principle  has  been  variously  applied  by  different  electricians,  and 
the  employment  of  the  instrnment  has  been  facilitated  by  several 
subordinate  arrangements. 

Mr.  Cavallo's  multiplier  is  a  combination  of  two  condensers; 
the  second  or  auxiliar)   plate  of  the  first,  like  the  plate  of  the 
elect rophorus,  is  moreable,  and  carries  a  charge  of  electricity, 
contrary  to  that  of  the  substance  to  be  examined,  to  the  first  or 
iusulated  plate  of  the  second  condenser,  which  receires  it  repeat- 
edly, until  it  hus  acquired  an  equal  degree  of  tension ;  and  when 
the  two  plates  of  this  condenser  are  separated,  they  both  exhibit 
an  electricity  much  more  powerful  than  that  of  the  condenser* 
The  force  is,  however,  still  more  rapidly  augmented  by  the  instni- 
mcnts  of  Mr.  Bennett  and  Mr.  Nicholson  ;  although  it  has  been 
supposed  that  these  instruments  are  more  liable  to  inconvenience 
from  the  attachmeut  of  a  greater  portion  of  electricity  to  the  first 
plate  of  the  instrument,  which  leaves,  for  a  very  considerable  time, 
a  certain  quantity  of  the  charge,  not  easily  separable  from  it.   Mr. 
Uennet  employs  three  varnished  plates  laid  on  each  other,  but 
Mr.  Nicholson  has  substituted  simple  metallic  plates,  approaching 
only  very  near  together,  so  that  there  can  be  no  error  from  anjr 
accidental  friction.    In  both  of  these  instruments,  the  second  plate 
of  a  condenser  acquires  an  electricity  contrary  and  very  nearly 
equal  to  that  of  the  first,  by  means  of  which  it  brings  a  third  plate 


UKCTKICITT  19  JfOTtOK. 

T«fy  Mirif  latfl  Uw  «UM  >t>ln  with  th*  int ;  aiul  wboi  the  1 
kmI  (Urd  platci  ue  cmoKted  aad  ianttelcd,  thejr  pradiM 
cinrf*  WMrif  twie*  u  gnu  \m  Ihv  (Knad  pUlc,  while  t 
pb(r  b»WM  •(  tlie  nme  tine  doaUjr  cbugMl;  to  tka<  I 
rrpFlitiaB  «f  lUt  procMs,  the  iotcnsiljr  af  tii«  rkctnritjr  ti  m 
ionVUA  I  tt  (•  thtnton  inrrtty  poMible  that  my  ^Moli^  ■! 
b*  aa  MmII  U  to  cacape  d«trclt»n  bf  its  apnralioo. 

Tkr  miBiJitg  tnlcuMty  of  ibe  ctedridlj  majr  be  laeanuwd,  a 
itf  ckaractrr  disUngvished,  b^  ckctncal  b«ltBc«s,  aad  bf  «1k 
■wtcn  or  diirtfvnl  caallractioni.  Tlw  eleclrkal  baUnoe  n 
Ibe  attraettMi  ar  repaliina  exerlMl  bf  1*0  balb  «t  a  gitcn  disA 
bjr  tbt  ■■|,aHiMli  of  Hm  force  miaired  to  oountetacl  it ; 
BoM  caafMilant  saaarr  of  applying  ibu  force  it  by  the  I 
•  wiiw,  wUch  hMi  bem  rotplojed  for  the  porpoie  hy  Mr.  Coulo 
Tha  q^nlnat  electroiacler  of  Henley  expresses  the  nntaal  i 
MM  of  a  moreablr  ball  and  a  ftxed  colaron,  by  the  diTisioat  o 
Utb  to  wMch  ibe  ball  met.  These  diiisions  do  not  exactly  i 
notr  the  proportioaal  strength  of  the  action,  bat  Ihry  are  s 
utility  \n  atctrtattjiag  ibp  Mentiiy  of  any  tvo  cbargei,  and  li 
funning  vibov  far  w*  may  venture  to  proceed  in  our  eiperim< 
whhttfvty;  and  tbe  tane  purpow  Isanmered,  in  a  manner  iomsfc  ' 
vhailMa  sccaral*,  by  the  electrometer,  consisting  of  two  pitb 
ballt,  or  of  two  ftntw*.  wMcb  are  made  to  diverge  by  a  imaller 
defreo  oH  rf«iridly.  Mr.  Bennel';  electrometer  i*  slid  more  de. 
licale  ;  (t  iroMittf  of  two  small  portions  of  gold  leaf,  sQsprnded 
from  a  pUlc,  to  wbkh  the  electricity  of  any  substance  is  comma- 
ntcaled  by  ooatact ;  ■  very  weak  electricity  U  luffici^^nt  to  maka 
ibtta  ^rergf,  and  it  nay  easily  be  ascertained  whether  it  is  posi. 
the  or  negstive,  by  brin^in^  an  excited  stick  of  sealing  wax  near 
(he  plate,  abce  its  approach  teaii»  lu  prnluce  by  induction  a  state 
0(  negalke  el'ctririty  in  the  remoter  exiremiliej  oftheleares,  to 
llai  Ibeir  dlTei^ncc  i«  riiher  increased  or  diminished,  accurtliagly 
as  it  was  difived  from  negalire  or  from  paMtirc  electricity  :  a  strip 
of  f^ld  \eafor  tin  foil,  fixed  wilhin  the  glass  which  covers  tha 
oleclrumetvr,  opposite  to  the  extremities  of  the  leares,  prevents  tho 
conmunication  of  any  electricity  to  the  gla«s,  nhicb  might  inter> 
ftre  with  tJi«  action  of  the  instrument.  When  the  baits  of  an 
•kctroioeler  stand  at  the  distance  of  four  degrees,  they  appear  Id 
laHate  a  cbargc  nearly  eight  limes  ai  great  as  when  they  stand  at 
«n«  dt^ree  :  a  chaise  eight  times  as  great  in  each  bait,  producing  a 
■uloal  ictiOB  listy.four  times  as  great  at  any  given  distance,  aad 
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at  a  qvadraple  distance  a  qaadraple  force ;  in  the  same  manner  • 
separation  of  nine  degrees  is  probably  deriTed  from  an  intensity 
twenty.seven  times  as  great  as  at  one.  In  Lane's  electrometer  the 
nagnitude  of  a  shock  is  determined  by  Ihe  quantity  of  air  throagh, 
which  it  is  obliged  to  pass  between  two  balls,  of  which  the  distance 
may  be  varied  at  pleasure  3  and  the  power  of  the  machine  may  be 
estimated  by  the  frequency  of  the  sparks  which  pass  at  any  given 
distance*  It  appears  from  Mr.  Lane*8  ezperimenta,  that  the 
quantity  of  electricity  required  for  a  discharge  is  simply  as  the 
distance  of  the  surfaces  of  the  balls,  the  shocks  being  twice  as  fre. 
qnent  when  this  distance  is  only  -^^  of  an  inch  as  when  it  is  -^ 
Mr.  Volta  says,  that  the  indications  of  Lane's  and  Henley's  elec* 
trometer  agree  immediately  with  each  other  ;  but  it  seems  difficult 
to  reconcile  this  result  with  the  general  theory*  Sometimes  the 
force  of  repulsion  between  two  balls  in  contact  is  opposed  by  a 
counterpoise  of  given  magnitude,  and  as  soon  as  this  is  overcome, 
they  separate  and  form  a  circuit  which  discharges  a  battery; 
wiience  the  instrument  is  called  a  discharger. 

It  must  be  confessed  that  the  whole  science  of  electricity  is  yet 
in  a  very  imperfect  state  :  we  know  little  or  nothing  of  the  inti* 
mate  nature  of  the  substances  and  actions  concerned  in  it :  and  we 
can  never  foresee,  without  previous  experiment,  where  or  how  it 
will  be  excited*  We  are  wholly  ignorant  of  the  constitution  of  bo« 
dies,  by  which  they  become  possessed  of  different  conducting  pow« 
ers ;  and  we  have  only  been  able  to  draw  some  general  concliai* 
ons  respecting  the  distribution  and  equilibrium  of  the  supposed 
electric  fluid,  from  the  laws  of  the  attractions  and  repulsions  that 
it  appears  to  exert.  There  seems  to  be  some  reason  to  suspect, 
from  the  phsenomena  of  cohesion  and  repulsion,  that  the  pres« 
sure  of  an  elastic  medium  is  concerned  in  the  origin  of  these 
forces ;  and  if  such  a  medium  really  exists,  it  appears  nearly  re. 
lated  to  the  electric  fluid.  The  identity  of  the  general  cause  o^ 
electrical  and  galvanic  effects  is  now  doubted  by  few ;  and  in  this 
oonntry  the  principal  phenomena  of  galvanism  are  universally 
considered  as  depending  on  chemical  changes  ;  perhaps,  also,  time 
maj  shew,  that  electricity  is^very  materially  concerned  in  the  essen. 
tial  properties,  which  distinguish  the  different  kinds  of  natural 
bodies,  as  well  as  in  those  minute  mechanical  actions  and  affections 
which  are  probably  the  foundation  of  all  chemical  operations ; 
but  at  present  it  is  scarcely  safe  to  hazard  a  conjecture  on  a  sub^ 
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]*ct  u  obtcare,  although  Mr.  Davy's  experiment  have  alrcadj  id 
•oa*  Bcuare  jnsUlied  tbe  boldness  of  the  suggesliun. 

SECTION    IV.  «^| 

GahanlCf  or  p'ottaie  EUelricitg.  ' 

Wl  tntt  almdv  hinlod  at  same  of  tlie  laws  anJ  pnacijilei  of 
ibn  ptnliar  nwde  of  accumulating  the  eleclric  fluiil ;  Tur  iii  most 
parif  of  Eiuope,  and  in  our  own  coanli;  more  especiull^,  Ibe  &oe 
cibrrial  fiuid  ihua  produced,  or  rendered  senuble,  is  rr^ardrd  ai 
of  an  flMtric  naiure.  From  the  Mn^ularil;  and  magnificence,  Uow- 
cver,  of  ifae  effects  wbicli  under  tbia  inoditicaiion  it  is  well  known 
to  be  capable  of  eiiiicing,  it  is  necessary  to  enlcr  a  tilllc  more  at 
Utge  into  ibr  origin  anil  (irogress  ol  tbe  discoi'crA-. 

For  tbecarliMtiosuldM  facts  nliich  paved  the  wajrtn  Ibis  ecieuce, 
sre  aiv  indebted  to  Proletsur  Galvan: ;  for  tbeir  explanation  attd 
application  lo  purpaies  of  real  utiliij,  we  are  iudebted  to  frufeuoc 
VotU;  Bn<]  for  (lie  gnnd  and  siKiple  Uw  of  nature  by  wbieb  tliej 
oftcntc  in  tbc  pndocUott  of  effects,  mt  are  indebted  to  Sir  Hub* 
phn  Davy. 

Aboul  Ibeftar  1790,  profcasor  GaU-ani  of  Bulogna  discovered 
accideBlaJIjr.  Iltat  Ifae  crural  iicrvc  of  n  frog  cut  up  for  Mtup  ibr 
bit  wtfc'i  tKnncr,  contracted  and  Itecaiue  coiiTulsed  upon  Iha 
■pplkstioQ  of  a  knife  wetted  with  water;  as  tlie  btoiy  is  lold  bgr 
otber  wrilcn,  be  perceived  whiitt  fie  was  one  day  di^tecliiig  a  frc^ 
baa  roon  wberc  wme  ol*  bis  friends  were  amusiug  tliemKives  with 
iledrkal  esperintents^  that  the  body  of  tbe  auimal  waj  shaken  willi 
a  >)ukoi  convuliioi),  in  conseijtience  of  a  sparL  being  drawn  from 
tbe  couductor  of  Hie  inacliiiie  at  tbc  tima  be  was  tuurbiug  one  of 
iu  acT*«*.  Astortithed  at  the  pbenuuienon,  and  at  first  tiuagiuing 
Ibal  it  migbt  be  owing  to  his  having  wounded  the  nerve,  he  pricked 
il  wttb  the  point  of  liis  knife,  lo  assure  himself  wbelher  or  not  tbii 
was  tbe  case,  but  no  motion  of  tbe  frog's  body  was  produced.  H« 
ito«  loiKhrd  tbe  nen-c  witb  the  inslruineut  as  at  first,  and  directed 
a  ^iSrb  lo  be  taken  at  the  tame  lime  from  the  machine,  on  wbtcb 
the  conlraclbKU  were  renewed.  Upon  a  third  trial,  tbe  animal  re. 
maioed  mot ionlen ;  hut  observing  that  be  held  h'n  knife  b>  tlje  han- 
dle, wbicb  tni  made  nf  ivory,  he  changed  it  for  a  metallic  one.  and 
iani«diUely  tbe  movements  took  place,  wbicb  nerer  was  the  case 
■bra  iie  need  an  ckclric  substance. 

After  bavin;  made  a  great  many  similar  experiments  with  tbe 
electrical  macbioe,  be  resolved  to  prosecute  the  subject  williaiiuo. 
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spheric  electricity.  With  this  view  he  raised  a  cooductor  ou  the  roof 
of  his  house,  from  which  he  brought  an  iron  wire  into  his  room* 
To  this  he  attached  metal  conductors,  connected  with  the  nerves  ot 
the  animals  destined  to  be  the  subject  of  his  experiments ;  and  to 
their  legs  he  fastened  wires  which  reached  the  floor.  These  expe* 
riments  were  not  confined  to  frogs  alone.  Different  animals,  both 
of  cold  and  warm  blood,  were  subjected  to  tliem ;  and  in  all  of 
them  considerable  movements  were  excited  whenever  it  lightened. 
These  preceded  thunder,  and  corresponded  with  its  intensity  and  re. 
petition ;  and  even  when  no  lightning  appeared,  the  movements 
took  place  when  any  stormy  cloud  passed  over  the  apparatus.  That 
all  these  appearances  were  produced  by  the  electric  fluid  was  ob- 
tIous. 

Having  soon  after  this  suspended  some  frogs  from  the  iron  pali« 
sades  which  surrounded  hit  garden,  by  means  of  metallic  hooks 
fixed  in  the  spines  of  their  backs,  he  observed  that  their  muscles 
contracted  frequently  and  involuntarily,  as  if  from  a  shock  of  elec- 
tricity. Not  doubting  that  the  contractions  depended  on  the  elec- 
tric fluid,  he  at  first  suspected  that  they  were  connected  with  changes 
in  the  state  of  the  atmosphere.  He  soon  found,  however,  that  this 
was  not  the  case ;  and  having  varied,  in  many  different  ways,  the 
orcumstances  in  which  the  frogs  were  placed,  he  at  length  discoi 
Tered  that  he  could  produce  the  movements  at  pleasure  by  touchmg 
the  animals  with  two  different  metals,  which  at  the  same  time, 
touched  one  another  either  immediately  or  by  the  intervention  of 
8omc  other  substance  capable  of  conducting  electricity. 

All  the  experiments  that  have  been  made  may  be  reduced  to  the 
following,  which  will  give  the  otherwise  uninformed  reader  a  pre« 
cise  notion  of  the  subject. 

Liay  bare  about  an  inch  of  a  great  nerve,  leading  to  any  limb  or 

tnuscle.     Let  that  end  of  the  bared  part  which  is  farthest  from  (he 

limb  be  in  close  contact  with  a  bit  of  zinc.    Touch  the  zinc  with  a 

bit  of  silver,  while  another  part  of  the  silver  touches,  either  the 

naked  nerve,  if  not  dry,  or,  whether  it  be  dry  or  not,  the  limb  or 

muscle  to  which  it  leads.     Violent  contractions  are  produced  in 

the  limb  or  muscle,  but  not  in  any  muscle  on  the  other  side  of  the 

line. 

Or,  touch  the  bared  nerve  with  a  piece  of  zinc,  and  touch,  with 

a  piece  of  silver,  either  the  bared  nerve,  or  the  limb ;  do  conyulsioa 

is  observed,  till  the  line  and  silver  are  also  made  to  touch  each 

other. 
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A   fiKt« 


illuMraled  H-illi  s 
uoning,  wliicli  profes< 


•  many  experiments  snrf  n 
Gaivani  soon  published,  couM 
Be*  fafl  to  Btiract  the  atlenHoti  of  phjsiologinls  all  over  Europe; 
■irf  the  mull  af  m  vnst  Dumber  of  experiments,  etjuiilly  ciuel  aiHl   ' 
niptiMig,  hM  been  from  time  to  time  laid  liefore  the  public  bj   1 
Vallt,  fvmkr,  Monro,  Volla,  Humbolt,  and  olhen. 

Fngt,  uohspjHlji  for  tbemselvo,  liave  been  fouuit  llie  most  o 
waieat  mbjects  for  these  experiments,  »t  the^r  retain  their  muscuhtf  | 
inilAlifjr  ind  sincepiihiliry  of  the  galvanic  influence  very  long. 
KtMtj  boara  after  lhe\  have  been  decapitated,  or  have  bad  lbt«  { 
bnin  mkI  spinal  marrow  deilDyed,  strong  conruhioni  can  be  pn^t  J 
4Noe<IEnlhem  bv  the  apiiljcatiou  of  the  metah.  A  leg  i 
fnimlbe  bndv  will  ollen  conliiiue  capublc  of  excitement  Uitm 
rf>j«,  Na«,  *eTy  dbiiuct  movemenls  have  been  pnxtocMl  in  ftu^ 
prtllj  fat  adnuKed  in  the  process  of  pu Ire fiac Iron. 
offiAra,  ami  manjr  other  animals,  both  nf  cold  ■ 
liaw  been  fafajectcd  lo  similar  experiments,  aotl  bi*e  r 
aiBte  pbienoiiMm ;  bnt  the  warm  bloodeU  aaHBaU  \**e  ibck  «Mb,  1 
ccptibriity  of  galnmuii,  as  of  cver^  other  al 
draifi. 

AlmoU  aay  tuo  metaU  will  protluce  ibc  BMnoMHta;  bat^kji  1 
bebend,  tlic  moil  powerful  are  (lie  foBmriig,  ia  Ibe  ordei  wUft  J 
they  are  bere  pbtrd:  I.  Zinc:  3. Ha;  3.  Itwi:  a 
»ith  I.  GoM:  S.  Stlm;  3.  Molyfedeu;  «.  Swri:  5.  Ciyiar,  1 
Upon  (bit  poinl,  bowner,  imUmr  mn  Mt  pcffcoly  afRc'. 

The  proem  by  wbJch  tbcx  ai^idB  |iIhiiiw*m  aw  ft* 
contbt*  in  eflecline.  b>  the  uae  of  tbe  csdlfa^  iy|iiHB, «  ■ 
cammnntcalioQ  between  any  two  potob  W  caatK^  mmr  m  Ib 
tast  from  one  aaotiier,  in  a  syHaa  of  Bcno«  ami  aBMatarai 
Tbe  fpbeic  of  tbu  niBlual  i  iiwiwaiiHiaB  m^  be  upHrf  a 
cwiplele  circle,  ditided  iolo  two  paiia.    Tbal  part  U  'M  wkafe  * 
riAs  of  tbe  ors**>*  ^  ''■*  ■niu'l  BBclcr  the  npoMOd  bw  I 
citUrd  tbe  annul  arc ;  Ibal  wUefa  i>  btmti  by  Ae  ptfasMC  a 
nentj  hat  ben  called  tbe  t  ~ 

airia   of  mora  pitcn  than  oat; 
bnetSfAc  otbmcoiBmDaiado*«,Crambclt  iiifiaifii  mta, 

itdin  lite  cftcto  (bin  prodacad  «•  Iba  a^Mlca,  * 
Bade  on  Uk  orgHB  of  scaae  are  tqaalj  waiji^fe 
«i]iariMaU  iDartniii^  tbem  amy  he  «a«^  nyolad, « 
d^fOMorihcaMBtisteraliof.    For  iHinec,  V  s  I 
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zinc  be  placed  on  the  upper  surface  of  the  tongue,  and  both  tnetafs 
aAer  a  short  space  of  time  be  brought  into  contact,  a  peculiar 
sensation,  or  taste,  will  be  perceived  at  the  moment  when  the 
mutual  touch  happens.  If  the  silver  be  put  beneath,  and  the  »qc 
upon  the  tongue,  the  same  sensation  will  arise,  but  in  a  weaker  de- 
gree, resembling  diluted  ammoniaC|  from  which  it  in  all  probability 
derives  its  origin* 

If  a  silver  probe  be  introduced  as  far  as  convenient  into  one  of 
the  nostrils,  and  then  be  brought  into  contact  with  a  piece  of  zinc 
placed  on  the  tongue,  a  sensation  not  unlike  a  strong  flash  of  light 
will  be  produced  in  the  corresponding  eye,  at  the  instant  of  contact. 
A  similar  perception  will  result,  both  at  the  moment  of  contact 
and  that  of  separation,  if  one  of  the  metals  be  applied  as  high  as 
possible  between  the  gums  and  upper  lip,  and  the  other  in  a  simiUt 
situation  with  the  under  lip,  or  even  under  the  tongue.  Lastly^ 
when  a  probe  or  rod  of  zinc,  and  another  of  silver,  are  introduced 
as  iar  back  as  possible  into  the  roof  of  the  mouth,  the  irritations 
produced  b\  bringing  the  external  ends  into  contact,  arc  very  power* 
ful ;  and  that  caused  by  the  zinc  is  similar  in  taste  to  the  sensation 
arising  from  its  application  to  the  tongue. 

No  method  has  hitherto  been  discovered  of  appl)ing  the  galvanic 
mfluence  m  such  a  manner  as  to  affect  the  senses  of  smell,  bearing, 
and  touch ;  though  several  eminent  philosophers  have  carefully  in* 
vestigated  the  subject.  Nor  are  the  causes  of  these  phaenomena 
clearly  ascertained  ;  Galvani  and  many  of  his  followers  supposing 
them  to  depend  on  the  electric  fluid,  while  others  attribute  them  to 
the  influence  of  various  physical  agents. 

Mr.  Creeve^  surgeon  in  Wurtzburg,  had  an  opportunity  of  ob- 
serving the  irritation  on  the  leg  of  a  boy,  which  had  been  amputated 
far  above  the  knee  in  the  hospital  of  that  city.  Immediately  after 
the  amputation,  Mr.  Creeve  laid  bare  the  crural  nerve  (kiekehlner- 
ven),  and  surrounded  it  with  a  slip  of  tinfoil.  He  touched  at  once 
the  tinfoil  and  the  nerve  with  a  French  crown-piece.  In  that  instant 
the  most  violent  convulsions  took  place  in  the  leg  both  above  and 
below  the  knee.  The  remainder  of  the  thigh  bone  bent  with  force 
toward  the  calf;  the  foot  was  more  bent  than  extended.  AH  these 
motions  were  made  with  much  force  and  rapidity.  None  were  pro. 
duced  when  the  tinfoil  was  taken  away,  or  when  a  steel  pincer  was 
used  in  place  of  a  piece  of  silver,  or  when  the  tin  or  silver  was  co* 
vtred  with  blood ;  but  they  were  renewed  when  these  obstacles 
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weiT  ttmmt4.  Tb«*e  planramena  contiaMd  tiB  38  mimta  id 
llie  MtfMtaiioB,  wlwn  ibc  bnb  Im^mk  cahl. 

Tbt  prindpte,  lie*«vcr,  i^mm  wluck  Ihe  electric  p«B«r  ^Mrf  « 
■iiuWtraliiod;  nor  were  tui]i  BMsm  u  <ct  JumJ  hj  akfe  i 
Dr«  power  coold  beaccvniHtatedloaBj  ddailc  cUaM,  «r  a^Ki 
plMsblc  lo  my  Bsrful  purptMct, 

Galnni  n|>iaiiie(l  llie  pfaeBsaaeaaB  hy  caacenny  ife  ^^mI 
to  n«intile  a  ctiari^ed  Lejdea  phnl,  haiin  'Hlinffy  an^Hita 

ill  [III  iiiiiili.    iliili  ll liiiti  III!  ■■■!     TWaantsfeaaaBBH 

Id  beconiMrtcil  nitb  ll>e  iniide:  vWbM  «m  Bailtri  mA  AsaH 
tide  b;  couduclon,  lb«  tufptm  tleelridl;  *as  tutiatfieif  ami  hn 
Um  HMHioai  of  tfac  limb. 

H.  Vdta.  prgfeoor  of  Miml  ^MaaH|*j  tf  Ti  —  ■  ifci 
■nt,  Mon  dUcevrnd,  howevtr,  tlm  tlw  onadaa^  «■»  aiM 


by  adi&mii  opcratwn  of  ibcdmne  yr»i"f*r ;  ■  naS^  by  i 
togchiog  two  diffeKBl  puts  aT  the  mbp  aenc  by  (■•  ACm 
tiJi,  and  Uun  maUog  a  cifcaii  o(  iheihtw»iatiiTii,«ff«4i 
put  of  the  acne  Kfeded  tor  tbe  panwM  tacMrtl  Ike  md^ 
parMuag  this  Mn|dc  bal  bnnliftil  b« ,  be  m«s  tbmmmtt  fa 
tbal  tbc  t«o  dwiact  mctab  alottr  bad  am  aatiH  «|poa  mt 
when  &fMigbt  iMa  eootact.  bat  tbat  iba  actiaa  « 
citaaad  b]r  tbc  iatopotitkia  of  a 
taic^  IbcbjpatbeMarOalvaa 
and  a  foaaJiliao  hud  for  that  wuadufal  dcctne  c« 
beta  caJIrd  tbe  gatvanic,  or  aiare  conccflj  Ibe  aal 
bv  Um  lioBpla  attua  ol  nallipljiDg  piala>  a(  two  4 
ndal,  witb  an  iolerpoaiiaa  of  a  phte  of  mmK  aab 


•Ua  Ibe  fane  of  Ibe  oppodic  cods  ia  bcvacbi  ■ 
by  taeaM  of  a  flexible  wire,  sr  otbcr  c 
od,  tacb  an  euitioa  of  iht*  power  at  b 
if  Bel  dlo^tber  the  laofl  energic  ^n 


branch  of  ntenl  ideiKc :  for  w 

lo  Ibe  pMMinlkg  gciuB*  of  BL  Votta,  awd  Ifce  naia 

pheooawaa  of  abkfa  ha«c  hence  beea  aanoaVy  • 


U.  Volta  towawntfil  liia  eKperiiaeali  ia  17$3,aad  il  wai  aena 
tan  before  br  rrpdeted  hi*  pile  suAcienlly  tatwCKlafy  and  pcttect 
la  bImt  iu  dcMiiption  aud  power*  before  ibt  puhhc.     Tbitt  how. 
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ever»  he  accomplisbed  in  1800 ;  at  which  time  he  commuiiicated  a 
particular  account  of  it  to  the  Royal  Society,  through  the  mediiuu 
of  Sir  Joseph  Bauks,  who  published  this  valuable  paper  in  the  latter 
fiart  of  their  Transactions  for  that  year.  His  apparatus,  as  there 
descrihedt  consists  of  a  number  of  copper  or  silver  plates  (which  last 
are  preferable),  together  with  an  equal  number  of  plates  composed 
of  tiui  or  still  better  of  zinc,  and  a  similar  number  of  pieces  of  card, 
leather,  or  woollen  cloth,  the  last  of  which  substances  appears  to 
be  the  most  suitable.  These  last  should  be  well  soaked  in  water 
aatarated  with  common  salt,  muriat  of  ammonia,  or  more  effectually 
with  nitre.  The  silver  or  copper  may  be  pieces  of  money,  and  the 
plates  of  zinc  may  be  cast  of  the  same  size.  A  pile  b  then  to  be 
formed,  by  placing  a  piece  of  silver  on  a  corresponding  one  of  sinc» 
and  on  them  a  piece  of  wet  cloth  or  card  :  which  is  to  be  repeated 
alternately,  till  the  number  required  be  arranged  in  regular  succes- 
aioo.  But,  as  the  pieces  are  apt  to  tumble  down,  if  their  numbers 
be  considerable,  unless  properly  secured,  it  will  be  advisable  to  sup- 
port them  by  means  of  three  rods  of  glass,  or  baked  wood,  fixed 
into  a  flat  wooden  pedestal,  and  touching  the  pieces  of  metal  at 
three  equi-distant  points.  Upon  these  rods  may  be  made  to  slide  a 
small  circular  piece  of  wood,  perforated  with  three  holes,  which 
will  serve  to  keep  the  top  o(  the  pile  firm,  and  the  different  layers 
in  close  contact.  The  moistened  pieces  should  likewise  be  some* 
what  smaller  than  those  of  metal,  and  gently  squeezed  before  tbef 
are  applied,  to  prevent  the  superfluous  moisture  from  insinuating 
itself  between  the  pieces  of  metal.  Thus  constructed,  the  apparatus 
will  afford  a  perpetual  current  of  the  electric  fluid,  or  voltaic  m* 
Auence,  through  any  conductor  that  communicates  between  the 
uppermost  and  lowest  plate;  and,  if  one  hand  be  applied  to  the 
latter,  and  the  other  to  the  highest  metal,  a  shock  will  be  perceived, 
^hich  may  be  repeated  as  often  as  the  contact  is  renewed.  This 
•hock  greatly  resembles  that  given  by  the  torpedo,  or  gymnotus 
cledricus :  and,  according  to  the  larger  size  of  the  metallic  plates, 
the  shock  will  be  proportionably  stronger.  The  intensity  of  tlie 
charge,  however,  is  so  slow,  that  it  cannot  penetrate  the  skin ;  it 
will  therefore  be  necessary  to  wet  both  hands,  and  to  grasp  a  piece 
of  metal  in  each,  in  order  to  produce  the  desired  eflect :  its  power 
JDiy  be  conskierably  increased,  both  by  an  elevation  of  temperature, 
mod  by  augmenting  the  number  of  pieces  that  compose  the  pile, 
Tbusy  80  pieces  of  each  will  emit  a  AoA,  thiit  »  ▼ery  perceptible 
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:  if  100  be  nnployrd,  a  very  ttvtn  bf  t 

■rill  esiciiH  even  lo  the  slimilden;  and,  if  ikc 
ir6ce  of  llie  tkia  be  broken,  the  action  ol  the  voltaic  IbIm^kc 
9heweoinn«>nt;pinr..l. 

tht  iiiiiiilioii  of  a  fla«b,  or  shocli  with  this  appin^w,  daa  not 
■MtriaDj  ditcr  from  thai  proilured  by  (wo  tiniple  plain,  bat  it 
Wuj  be  iSwtcd  in  various  mays,  «spvciali;y  if  one  or  both  liaadi  b« 
■  N«t  stale  til  tlie  lowest  plate  of  ilie  pile ;  or  an;  put 
4f  ihe  6m  be  brought  in  contact  with  a  wire  cnmrnunicstisig  vitk 
4e  top  piece.  Further,  if  a  u  ire  be  liclj  belweeu  the  tcelh,  to  M 
Id  real  npoa  the  longue,  thai  iirniin,  as  well  as  llie  lip<,  wilt  bimnw 
tomnbed,  ibe  flaih  will  appear  before  Ibe  eye,  and  a  very  punipnt 
luie  wIM  be  perceived  in  the  mouth. 

Wlwn  a  metallic  wire,  having  a  bit  of  welLbunt  ebarenal  at  it> 
Citmint]',  i»  nade  to  connect  Ihe  two  exlremiriea  of  the  pik,aipwk 
•ill  be  pereeiv«<l,  or  the  point  of  the  cliarcoal  will  bccoeae  ignilML 
Variova  other  moHet  of  constructing  tbit  appuratin  have  been 
of  which  are  much  superior  in  point  of  conveoicBce. 
!  Mode  ia  bj  toldenng  Ihe  plates  of  itioc  aixl  copper  toffctber, 
bf  ceoKniiag  tbem  into  troughs  of  baked  wood,  covered  wtili 
nt  m  Ifce  n^ar  order,  so  as  to  form  cells  to  be  fiUcd  with  the 
■MOitnioiti.  each  surface  of  zinc  being  Dp;ioiite  to  a  nr&ce  off 
Mr :  aart  this  combination  is  very  simple  aod  ewiy  of  afipliation. 
AoetlMr  fomi  i*  that  of  introducing  plaiea  of  copper  and  tiae,  &a> 
tmr4  to^tbet  by  a  iilip  of  copper,  into  a  troo^  of  ponelain,  vm^ 
a  number  of  cells  corresponding  to  the  namber  of  tlie  M> 
riet.  TIk  di0ereul  series  may  be  iolroduoed  wpanldy  into  tli* 
bvnghiaikd  taken  out  without  the  ne«ewlyof  timtffBf  the  9mdf 
m  ibey  may  be  attached  lo  a  piece  of  baked  wood  (mmI  wkea  tbt 
fibLr  ia  osl  vary  large)  intraduced  iato  Un  ceAt,  or  ttlum  oat 


■Jhr  polar  electrical  anugetDau  to  tboie  foraod  by  i 


•epper  n^  be  nade  by  variona  kllentioea  of  Modndiaf  aad  M> 

*t  wfcnlHg  nbdwMca:  btf  fcr  ike  ■crwlMiBB  vf  lb*  ^ 
power,  Ibe  aeikaaMi  comkI  of  Aiee  mitmat^  of  mtn.wmtt 
kmu.  Htiuf  be  a  coadoetor.    Sthtr  «r  eeppar  wbca  bioofU  it  ^ 
UKl  witli  ■  aotetin  of  ■  towpi—d  of  «alf*«r  ood  polMk, 
«Mailimil]r,  aadikntiiiact  wilb««i*rer  aaoltiiMaof  oiiMMtf  I 
U  tbt  otiMT  extrenit;,  ttmtt  mUm  aoMioa  bMf  bHmtm  *«  md^ 
"owllidMj  the  acid  aolotioM,  <onw  m  tkmtmt  tl  m  pm'Mifd 
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combioatiooy  which  will  give  shocks  when  fifty  are  put  together.- 
The  other  b  copper,  cloth  of  the  same  size  motstened  with  solutioit 
noistened  in  the  solution  of  the  compound  of  sulphur  copper^ 
and  so  on:  the  specific  gravities  of  the  solutions  should  be  to 
the  order  in  which  Ihey  are  arranged*  to  prevent  the  nu&tare  of 
the  acid  and  sulphuretted  solution;  that  is^  the  heaviest soliitiott 
fhould  be  placed  lowest. 

Foj  these  and  various  other  progressive  discoveries  we  are  chicly 
indebted  to  Sir  Hnmphrj  Davy ;  as  we  are  altogether  for  the  great 
discovery  respecting  the  agency  of  voltaism,  which  was  published  in 
the  Philosophical  Transactions,  in  a  paper  which  gained  the  priae 
proposed  on^oltaism  by  the  French  Emperor.  This  discovery  may 
be  expressed  in  the  following  sentence  ^  **  The  voltaic  energy  has 
the  property  of  decomposing  all  compound  substances  (supposfa^ 
the  battery  sufficiently  powerful)  when  the  constituents  range  them* 
selves  round  the  wires,  passing  firom  the  two  extremities  of  the  bat- 
tery, according  to  the  following  taw:  oxygen  and  adds  airaiige 
themselves  round  the  positive  wire ;  hydrogen,  alkalies,  earths,  and 
metals*  round  the  negative  wire.''  From  this  very  important  dift* 
coverj  Sir  Humphry  drew  several  very  plausible  inferences.  O^y* 
gen  and  acids^  since  they  are  attracted  towards  the  positiire  wirc^ 
are  naturally  negative ;  while,  on  the  other  hand,  hydrogen,  alka. 
lies,  and  metals*  being  attracted  to  the  negative  wire,  are  naturally 
positive.  When  two  substances  are  chemically  combined,  they  am 
in  different  states  of  electricity ;  and  the  more  completely  opposite 
these  states*  the  more  inlunately  they  are  united.  To  separate  tba 
two  constituents  of  bodies  from  eadi  other*  we  have  only  to  bmg 
them  to  the  same  electrical  state ;  and  this  is  the  efiect  which  voU 
taism  produces*  Hence*  chemical  affinity  is  nothing  else  than  the 
attraction  which  exists  between  bodies  in  different  states  of  elec^ 
tricity.  The  decomposition  of  the  fixed  alkalies*  of  the  alkalioe 
earths  and  boradc  acid*  soon  after  discovered  by  the  same  oeie* 
bra  ted  chemist*  was  the  natural  consequence  of  his  original  diseo* 
very.  These,  though  very  striking  and  important,  are  aot  to.bt 
compared,  in  poi^Lof  value*  to  his  original  discovery  of  the  decoaa* 
posing  power  of  voRaism^  which  has  made  us  acquainted  with  a 
energy  iu  nature*  and  put  into  our  possession  a  much  more 
chemical  agent  than  any  with  which  we  were  before  acqnainedi 
This  is  the  discovery  which  does  so  much  honour  to  Sur  Humplvj 
Pavy»  and  has  put  Urn  on  a  level  with  the  small  number  of  a 


OALTASIC  CLBTTUCrrr. 


tUoab  alia  bave  1 
ItbMbeea  donbted 


•r  audr  ■•  oMife*  *■  Atf.  n^«. 


■»fiM«4fcora 


■Irflf,  '    •  -  •_    ■ "    1 

UHlhltegtoMi <ffcbt^l  -  I  lwi*»iii«m 
iMrfl  fcranb^  M  MvcMMbctMmikrIm  ^tathjmm 
lfcwMl,liwh«B,by  ihfCTc     I  af  *■    '   -  " j       - 

■  Ike  alBoiplKRi  «ii<tHc,b}«fAia(i*aMlrfcacri 
to  colnm,  md  tcMgywUy  &«m  hd  k»  h^  ««MiaB  i 
ndj 

1  mdthciH 

Jnms  lfc«  tdcNbrj  of  Ibr  ckdne  Mid  viioit  >— »,  k«  an  ht 
rfiW«tot«^i    iMifc  A^a. 


itol  of  Ifae  Tollaic  ^ 

ilaant,  «  melMCI  by  Sir  UMpfan  D«n  bto  smb  ^A  ^ih. 
ji  of  maktitn,  or  water  idl  oiMi^  m  ibe  MbilBnei  ^^Im*^ 
h  be  uapm  wd)  not  ad  if  i  iih  iif  llii  iitKwiiii  be  aailepa- 
»ijdfy. 

f  Hw  6nt  diriioct  t»twrii«wl  ■poa  (be  igwitiBg  pvwoi  ef  b^e 
E  plale*  WM  peifentd  by  MM.  Fbenrve,  TMqeebM,  airf 
Ibavd!  bal  a  niMb  BTHida  imelieiMaw  far  nWiiwg  Ibe  ^ 
fceto  oC  oxemm  Mir6ee  wa»  coonncSKl  by  Mr.  CbddRB,  Md  ow 
■it>  of  ahMlctyoftwailT  doebte  idMctfMD' fcet  by  two;  of  wUcb 
!  whole  ncfKci  ve  npoMd,iB  a  wovden^roagb,  in  oelic  e^ 
ntred  witb  ceneM,  lo  ibc  adioo  of  dSaled  add*. 
'  Tlw  most  poweiAii  combinatiea,  bowrrer,  tbat  exbti,  ■  wUc^ 
Hnben  of  allmMltou  u  combmed  with  the  cmtent  of  toAee,  it 
Ikat  eOMlructed  by  nbecriplioDs  of  a  ftw  nalooi  oiltTvatan  asd 
I  fatroM  of  nence,  in  tbe  laboratory  of  (he  Royal  liHtiratiao.  It 
I*  of  two  hnadted  itutrumeais,  conoecled  togelber  in  regolar 
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order,  each  composed  of  tea  double  plates,  arranged  io  ce  lis  of  por 
celaiuy  and  containing  in  each  plate  thirtj-two  square  inches;  to 
that  the  whole  number  of  double  filates  is  2000,  and  the  whole  tnr* 
face  I28»000  square  inches.  This  battery  when  the  cells  were 
filled  with  sixty  parts  of  water  mixed  with  one  part  of  nitric  acid, 
and  one  part  of  the  sulphuric  acid,  afforded  a  series  of  brilliant  and 
impressive  efiects.  When  pieces  of  charcoal  about  an  inch  long 
and  one-sixth  of  an  inch  in  diameter  were  brought  near  each  other 
(within  the  thirtieth  pert  or  fortieth  part  of  an  inch),  a  bright 
spark  was  produced,  and  more  than  half  the  volume  of  Che  char* 
coal  became  ignited  to  whiteness  ;  and  by  withdrawing  the  pointa 
from  each  other,  a  constant  discharge  took  place  through  the  heated 
air,  in  a  space  equal  at  least  to  four  inches,  producing  a  most  bril« 
liant  ascending  arch  of  light,  broad,  and  conical  in  form  in  the 
mkidle.  When  any  substance  was  introduced  into  this  arch  it  in. 
stantly  became  ignited ;  platina  melted  as  readily  in  it  as  wax  in  the 
flame  of  a  common  candle :  quart2>  the  sapphire,  magnesia,  lime, 
all  entered  into  fusion;  fragments  of  diamond,  and  points  of  char* 
coal  and  plumbago,  rapidly  disappeared,  and  seemed  to  evaporate 
in  it,  even  when  the  connexion  was  made  in  a  receiver  exhansted  by 
the  air.pump ;  but  there  was  no  evidence  of  their  having  pievioaslj 
andergone  fusion. 

When  the  communication  between  the  points  positively  and  ne- 
gatively electrified  %iras  made  m  air,  rarefied  in  the  receiver  of  tlie 
air-pump,  the  distance  at  which  the  discharge  took  place  increased 
as  the  exhaustion  was  made ;  and  when  the  atmosphere  in  the  vestal 
supported  only  one-fonrth  of  an  inch  of  mercury  in  the  barometii* 
cal  gage,  the  sparks  passed  through  a  space  of  nearly  half  an  inch ; 
and  by  withdrawing  the  points  from  each  other,  the  discharge  was 
made  through  six  or  seven  inches^  producing  a  most  beautiful  corns* 
cation  of  purple  liglit,  the  charcoal  became  intensely  ignited,  and 
some  platina  wire  attached  to  it  fused  with  brilliant  sdntillatiom^ 
and  fell  in  large  globules  upon  the  plate  of  the  pump.  All  the 
phtenomena  of  chemical  changes  were  produced  with  intense  rapi* 
dity  by  this  combjpation.  When  the  points  of  charcoal  were 
brought  near  each  other  in  nonconducting  fluids,  such  at  oils^  ethcfy 
and  oxynmriate  compounds,  brilliant  sparks  occuired,  and  elastic 
BUitter  was  rapidly  generated :  and  such  was  the  intensity  of  the 
electricity,  that  sparks  were  produced,  even  in  good  imperfect  coa^ 
dactors,  such  as  the  nitric  and  tttlphiuic  adds. 
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bran  a  nrj  Utvnf  i 
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of  ^ttinoSj,  aad  it  bu*!  ihcnlvrE  be  pbe«d  n 
nahralpbioMplij.     Wr  bat«  snn  ibe  dfcliic  Ind  sot  «^  e 

oe^sbboaring  portion  af  a  Otnd  «ular  lo  iteU;  bat  aba  euArd  a 
Me  body,  nd  tmwfewgd  lo  amMber,  in  Mcb  a  ■aaacr  a 
peiveptiMc  lo  tbe  tenuM,  er  al  tntt   la  cane  wasAk  c& 
tfspaMagt.    TheaimctMoand  tvpaL«M%aMl  tbc  pmliard 
tkm  of  ibeadgbbottrincfluail,  arc  fuuocl  n  ibe pbeeoMann  a 
BcliMD  ;  bat  *c  do  not  pemiie  tlul  ibcre  it  aoj  actaal  t 
or  my  prrcefMtblc  ttioafcr  of  ibe  nucaebc  flaid  Ihwa  aoe  hady  to  J 
anolbn dittinct  bed;:  awf  i>  bas  alM  ibb  •tri^  pecabrilj,  ih^  I 
nrlmltk  iran  n  wty  neut;,  tf  not  abaolatd;,  the  «dj  •  ' 
npabtc  olrxtiiUtingaav  indicaiwin  of  «B  pmeocc  or  acinii;.     ^M 

Tar  rkptebof  ll 

lirlei  of  a  pvrular  Aaid  la  rcfid  each  otbrr.  and  lo  atlnct  tbe  pt^  I 
tiriM  of  o>H>lJ>(-iraB  with  cqoal  forces,  diniDHbiaguUicsqoaRil 
tht  duiBuce  iocream :  aotl  ibc  paHtcIn  of  sodi  iroa  aaast  alio  kff    i 
tinjjuieri  l«  repel  eacfa  olb«r,  in  a  timilar  Binocr.     Iran  aod  Uttif  I 
vhii)  wfl,  are  ceoduclon  of  ibe  magncik  fluid,  and  bMooe  \tM 
aii>j  t»t  pcTTWoa  to  it   B>  Ibrir  hardoeas  iaercues.     Tbe  growrf 
WDil  oftbb  ibeor;  i*  due  ro  Mr,  Ae|in)U3,  faul  tbe  futcc*  have  bee^ 
norr  portinilaity  iirvesligaied  b}  Cnulonib,  and  otbcn.     There  aa|   \ 
Ae  nme  ol^lioiu  lo  these  bvpolheses  as  to  lliose  which  coastilult 
the  ibeoTj  of  electricity,  if  coitsidered  as  original  and  Amda mental 
piopcTttes  of  matter :  and   it  is  stiditiooallj  dificull   (o  imagiocv 
«ttj>toa,  and  iroa  only,  whether  a ppareuily  magDetic  or  itot,  should, 
rejwl  wmiUr  particles  of  iron  with  a  peculiar  force,  which  happen 
lo  be  prcciatl)  a  balance  to  the  allniction  of  the  magnetic  fluid  for 
Iroo.     This  it  obnouUy  tniprobable ;  but  the  hypotheses  are  slill  ot    I 
•real  utility  in  asMting  us  to  genetulise,  artd   to   retain  iu  memoij, 
1  oombcr  of  panicohr  tacts  which   would  otherwise  be  iutulaled, 
Hw  doctriue  of  Ibedrcolaiion  of  streams  of  the  uagneric  fluid  haa 
Ikcd  justly  and  uniTcnall)  abandooed  j  and  some  other  theories, 
BiKb  more  tngeniotUf  atid  more  probable,  for  inctaiict  thai  of  Mf. 
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Provost,  appear  to  be  too  complicated,  aud  too  little  supported  by 
facts,  to  require  much  of  our  attention* 

The  distinction  between  conductors  and  nonconductors  is,  with  re. 
spect  to  the  electric  fluid,  irregular  and  intricate ;  but  in  niagnetisni» 
the  softness  or  hardness  of  the  iron  or  steel  constitutes  the  only 
difference.  Heat,  as  softening  iron,  must  consequently  render  it 
a  conductor ;  even  the  heat  of  boiling  water  affects  it,  in  a  certain 
degree,  although  it  can  scarcely  be  supposed  to  alter  its  temper;  but 
the  effect  of  a  moderate  heat  is  not  so  considerable  in  magnetbm 
as  in  electricity.  A  strong  degree  of  heat  appears,  from  the  expe« 
riments  of  Gilbert,  and  of  Mr.  Cavallo,  to  destroy  completely  all 
magnetic  action. 

It  is  perfectly  certain  that  magnetic  effects  are  produced  by  quan- 
tities of  iron  incapable  of  being  detected  either  by  their  weight  or  by 
any  chemical  tests.    Mr.  Cavallo  foimd  that  a  few  particles  of  steel, 
adhering  to  a  hone,  on  which  the  point  of  a  needle  was  slightly 
rubbed,  imparted  to  it  magnetic  properties ;  and  Mr.  Coulomb  has 
observed,  that  there  are  scarcely  any  bodies  in  nature  which  do  not 
exhibit  some  marks  of  being  subjected  to  the  influence  of  mag* 
netbm,  although  its  force  is  always  proportional  to  the  quantity  of  iron 
which  they  contain,  as  far  as  that  quantity  can  be  ascertained;  a  single 
grain  being  sufficient  to  make  20  pounds  of  another  metal  sensibly 
magnetic    A  combination,  with  a  large  proportion  of  oxygen,  de- 
prives iron  of  the  whole  or  the  greater  part  of  its  magnetic  proper, 
ties ;  finery  cinder  is  still  considerably  magnetic,  but  the  more  per« 
feet  oxids  and  the  salts  of  iron  only  in  a  slight  degree ;  it  is  also 
said  that  antimony  renders  iron  incapable  of  being  attracted  by 
the  magnet.     Nickel,  wlien  freed  from  arsenic  and  firom  cobalt.  Is 
decidedly  magnetic,  and  the  more  so  as  it  contains  less  iron.    Some 
of  the  older  chemists  supposed  nickel  to  be  a  compound  metal  con* 
taining  iron ;  and  we  may  still  venture  to  assume  this  opinion  as  a 
magnetical  hypothesis.    There  is  indeed  no  way  of  demonstratmg 
that  It  is  impossible  for  two  substances  to  be  so  united  as  to  be 
incapable  of  separation  by  the  art  of  the  chemist ;  had  nickel  been 
as  dense  as  platina,  or  as  light  as  cork,  we  could  not  have  supposed 
that  it  contained  any  considerable  quantity  of  iron,  but  in  fact  the 
specific  gravity  of  these  metals  is  very  nearly  the  same,  and  nickel  is 
never  found  in  nature  but  in  the  neighbourhood  of  iron  ;  we  may 
therefore  suspect,  with  some!  reason,  that  the  bypothesb  of  the 
existence  of  iron  in  nickel  may  be  even  chemically  true.    The 
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tmora  bofolif  is  cerlainly  in  some  nieuure  «  maxodid  f 
■au,  «i«l  if  iron   were  llie  only  suhjtance   rapiibiv  •(  e 
napxtiai  effKls,   it   would  follow  ilmt  sume  femigMions  psrudo   I 
■lul  exUl    in   Ite  upper  Tfgions  of  rhe  ulmtiiphere.     TV  li^   I 
MualK  aJleadtiig   lliia   magnelicBl  meleor  mav  possibly  be  Atn*r4 
Irotn  cUcttkily,  whicb  may  be  tlie  immeilmle  ousc  of  a  chatigf  of 
the  (tuiribntion  of  Ibe  oiagiieTic  fluitt,  coiilalii«d  in  ibe  (erruguioni 
«i]<aiin.  that  are  imagined  lo  float  in  (lir  air. 

We  are  <till  lets  capable  of  dislinguisbiog  with  certainty  in 
■agnctnm,  (haa  iii  electricity,  a  positive  frum  a  oegiitive  ulatc,  or 
I  ml  redundaiicy  of  tlie  fluid  from  a  deficiency.  Tlic  north 
BoW  of  a  magael  may  be  considered  as  ifie  pari  in  wliicli  the  mag. 
nclic  Bmd  i*  eiiber  rrdundaat  or  defictrol,  provided  that  the  toulli 
fok  be  flodeitiood  Ju  a  contrary  sense  :  lliiis,  if  the  oorlb  pole  ofi 
■agad  b«  Mppoced  to  be  poiilively  cbarged,  tlie  soulh  pole  most 
be  tn^md  to  be  negative ;  and  in  liard  itoa  or  Heel  ibcse  pole* 
Wij  be  coa«idered  as  uncbangeable. 

A  Donb  pole,  therefore,  alwavj  repels  >  north  pole,  and  attiacit 
a  wulh  pole.  And  in  a  neutral  piece  of  loti  iroo,  near  to  tbe  noeth 
pole  of  a  nagner,  ibe  fluid  beco'iiri  so  diitHbnl  *d,  by  iadoctina^ 
m  lo  farm  a  temporary  south  pole  next  lo  llie  taag*el,  aod  ifcc 
wboie  piece  b  of  course  attracted,  from  the  gm(  prosimity  of  tbe 
lUnctn^  pole.  If  tbe  bar  \i  tuliicicutly  wf).  awl  nol  loo  loa^ 
tbe  remtler  cad  becomes  n  north  pole,  awt  (be  ■  bole  bar  a  perfect 
tanponrj  angael.  But  when  the  bar  b  of  hard  iteel.  the  rtalc  gf 
■dwdioii  if  inpeffecl.  from  ibe  mUianee  oppoml  to  the  Botiaa 
■f  the  Swl ;  b«nce  ihe  attraction  >t  leu  powcrfal,  md  aa  tifpmit 
pote  H  formed,  at  a  cntain  dblance,  ailbia  ihe  bar;  aad  beveoJ 
lUt  uwlber  pole,  iinnlar  to  ibe  Ant  ;  tbe  iJletBalMa  beai|;  m«» 
■tOMt  repraled  more  than  oace.  The  distribotioa  of  the  And  whhia 
life  BagM  <*  alw  «B«<ted  by  ibe  aeighlwriwod  of  apiece  of  wH 
froK,  tbe  Bortb  pole  becoming  aiore  powetfiil  by  tha  tteMtj  «f  lb« 
mm  imah  pole,  and  tbe  wath  pi4e  beiog  cMUeqneally  HMnflhrfi 
m  a  ccftna  depec  :  to  tbat  the  attTMtirc  pe«er  of  Che  abate  mt^ 
Bet  n  iocnaxd  by  the  proximity  of  the  aim.  A  «nA  ma^an  b 
apable  of  rectmai  a  temponry  htdnctioa  oTa  eoalnfy  aa^MtiMC 
from  ibe  actran  of  ■  nwre  powerfiii  one,  ib  aanh  pale  b(c«iri*g  • 
■Mlb  pole  oa  Iheapproafh  of  a  •troager  noetb  pate;  bat  the  «(%ia4 
<fMdbf«k«ffljCtiiniUtiloatMaU  the  oppadlc  cad.  vd  MIom* 
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the  magnet  nearljf  to  its  original  condition,  after  the  removal  of  the 
disturbing  cause. 

The  polarity  of  magnets,  or  their  disposition  to  assume  a  certain 
direction,  is  of  still  greater  impor^nce  than  their  attractive  power. 
If  a  small  magnet,  or  simply  a  soft  wire,  be  poised  on  a  centre,  it 
will  arrange  itself  in  such  a  direction,  as  will  produce  an  equilibrium 
of  the  attractions  and  repulsions  of  the  poles  of  a  larger  magnet ; 
being  a  tangent  to  a  certain  oval  figure,  passing  through  those  poles, 
of  which  the  properties  have  been  calculated  by  various  mathema* 
ticians.  This  polarity  may  easily  be  imitated  by  electricity  ;  a  8us« 
pended  wire  being  brought  near  to  the  ends  of  a  positive  and  negative 
conductor,  which  are  placed  parallel  to  each  other,  as  in  Naime't 
electrical  machine,  its  position  is  perfectly  similar  to  that  of  a  needle 
attracted  by  a  magnet,  of  which  those  conductors  represent  the 
poles. 

The  same  effect  is  observable  in  iron  filings  placed  near  a  magnet, 
and  they  adhere  to  each  other  in  curved  lines,  by  virtue  of  their  in* 
duced  magnetism,  the  north  pole  of  each  particle  being  attached  to 
the  south  pole  of  the  particle  next  it.  This  arrangement  may  be 
seen  by  placing  the  filings  either  on  clean  mercury,  or  on  any  surfi^e 
that  can  be  agitated  i  and  it  may  be  imitated  by  strewing  powder 
on  a  plate  of  glass,  supported  by  two  balls,  which  are  contrarOy 
electrified. 

The  polarity  of  a  needle  may  often  be  observed  when  it  exhibits 
no  sensible  attraction  or  repulsion  as  a  whole ;  and  this  may  easily 
be  understood  by  considering  that  when  one  end  of  a  needle  is  re- 
pelled from  a  given  point,  and  the  other  is  attracted  towards  it,  the 
two  forces,  if  equal,  will  tend  to  turn  it  round  its  centre,  but  will 
wholly  destroy  each  other's  effects  with  respect  to  any  progressive 
motion  of  the  whole  needle.  Thus,  when  the  end  of  a  magnet  u 
placed  under  a  surface  on  which  uron  filings  are  spread,  and  the  sur- 
face is  bhaken,  so  as  to  leave  the  particles  for  a  moment  in  the  air, 
tbey  are  not  drawn  sensibly  towards  the  magnet,  but  theur  ends^ 
which  are  nearest  to  the  point  over  the  magnet,  are  turned  a  little 
downwards,  so  that  they  strike  the  paper  further  and  further  from  the 
magnet,  and  then  fall  outwards,  as  if  they  were  repelled  by  it. 

The  magnets,  which  we  have  hitherto  considered,  are  such  as  have 
a  simple  and  well  determined  form ;  but  the  great  compound  mag« 
net,  which  directs  the  mariner's  compass,  and  which  appears  to  con« 
sist  principally  of  the  metallic  and  riightly  oxidated  iron,  contained 
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first  quite  soft^  becomes  in  time  a  little  harder.  A  mitural  magnet 
is  no  more  than  a  heavy  iron  ore,  which,  in  the  course  of  ages,  baa 
acquired  a  strong  polarity,  from  the  great  primitive  magnet.  It 
must  have  lain  in  some  degree  detached,  and  must  possess  but  little 
conducting  power,  in  order  to  have  received  and  to  retaiu  its  mag* 
netism. 

We  cannoty  from  any  assumed  situation  of  two  or  more  magnetic 
poles,  calculate  the  true  position  of  the  needle  for  all  places  ;  aud 
even  in  the  same  place,  its  direction  is  observed  to  change  in  the 
course  of  years,  according  to  a  law  which  has  never  yet  been  gene* 
rally  determined,  although  the  variation  which  has  been  observed, 
at  auy  one  place,  since  the  discovery  of  the  compass,  may  perhaps 
be  comprehended  in  some  very  intricate  e&pressions ;   but  the  lesa 
dependence  can  be  placed  on  any  calculations  of  this  kind,  as  there 
is  reason  to  think  that  the  change  depends  rather  on  chemical  than 
ou  physical  causes.      Dr.  Halley  indeed  conjectured  that  the  earth 
contained  a  nucleus,  or  separate  sphere,  revolving  freely  within  it^ 
or  rather  floating  in  a  fluid  contained  in  the  intermediate  space,  and 
causing  the  variatioh  of  the  magnetic  meridian ;   aud  others  have 
attributed  the  efllect  to  the  motions  of  the  celestial  bodies  :    but  io 
either  case  the  changes  produced  would  have  been  much  more  regu* 
lar  and  universal  than  those  which  have  been  actually  observed. 
Temporary  changes  of  the  terrestrial  magnetbm  have  certainly  been 
sometimes  occasioned  by  other  causes ;  such  causes  are,  therefore, 
most  likely  to  be  concerned  in  the  more  permanent  effects.    Thui^ 
the  eruption  of  Mount  Hecla  was  found  to  derange  the  position  of 
the  needle  considerably;  the  aurora  borealis  have  been  observed  to 
cause  its  north  pole  to  move  six  or  seven  degrees  to  the  westward  of 
its  usual  position;    and  a  still  more  remarkable  change  occurs  con* 
tinualiy  in  the  diurnal  variation.     In  these  climates  the  north  pole  of 
the  needle  moves  slowly  westwards  from  about  eight  in  the  mom* 
ing  till  two,  and  in  the  evening  returns  again ;  a  change  which  has 
with  great  probability  been  attributed  to  the  temporary  elevation  of 
the  temperature  of  the  earth,  eastwards  of  the  place  of  observation, 
where  the  sun's  action  lakes  place  at  an  earlier  hour  in  the  morning, 
and  to  the  diminution  of  the  magnetic  attraction  in  consequence  of 
the  heat  thus  communicated.      In  winter  this  variation  amounts 
to  about  seven  minutes,  in  summer  to  thirteen  or  fourteen. 

Important  as  the  use  of  the  compass  is  at  present  to  navigation^ 
it  would  be  still  more  valuable  if  its  declination  firom  the  true  men* 
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for  llif  SKmt  pliw.  Of  tvrm  if  H  nried  accord!^ 
4bcn*n-«lflc   law  :    since  it  motiiA  tSsxi  a  ready  node  of  J 

i(i«  longTiDde  of  a  place  by  a  camipmiitot 
soMcal  obMrralioii  or  ir*  latitude  wiffa  aaollier  of  IheiB^ailnde  of  | 
Ibt  dcdimtioB.  And  in  tome  ca»«  it  may  e¥en  now  be  a|i^itd  I* 
;|Us  pupoaa.  wIkr  «e  bave  a  coJIeclioo  of  lale  and  aamerooa  oban* 
nation*.  Sbdt  olMerrKliaiH  bate  from  time  to  time  been  ai  i  m^i  i 
fa  cbart^  faranhed  with  lines  indicating  the  naigainide  of  the 
jfcrBnariw  or  TsriatJoa  at  the  plaeei  tfaraogh  wliicb  tbtj  po^ 
^ipnoiBf  fron  ibe  line  of  no  ranalioD,  and  proeeeding  on  tbe 
<^»caiUe  Mda  of  tbii  line  to  &how  tbe  nneiralflde  of  tbe  v 
Mat  or  wot.  It  is  obnoot  that  tbe  iotenec'ioa  of  a  gifcn  p 
af  bliliMle,  wilb  tbe  line  ibowine  tlie  magDitude  of  ibe  v 

Ibe  precise  niaatiofi  of  tbe  place  at  whicb  tbe  ol 


Tlte  Ibe  of  an  variation  passed  io  l6f5  throng  London,  and  in 
J£66  Ibrongb  PKrh :  ili  nortfaera  eitremily  appears  to  have  naeied 
iandaaaltY  eaflaardt,  and  its  wuthem  parts  westwanl*  :  and  it  now 
dnata  throitgli  ibe  nuddle  of  Asia.  The  ^posiie  pc^ioD  seems  to 
|M«  Moved  more  imifonnlv  irestwards  ;  it  now  runs  from  Hortb 
America  to  Ibe  middle  of  ibe  Soulh  Adaotic.  Od  Ibe  European 
■de  of  tbese  lines,  the  declinaiion  is  we«leri;  :  on  the  Soulb 
Americait  side  it  is  easterly.  Tbe  variation  in  London  bos 
ken  for  several  years  a  liille  more  iban  24°.  to  the  West  In- 
Ce*  ti  fbaogei  bat  slowly ;  for  inslance  it  was  5'  near  ibe  island  of 
lubadoes,  from  1700  to  1756. 

Tlw  ifip  of  the  north  pole  of  the  oeedle  in  the  neigh tiourbood  of 
Loodoa  is  73°.  Hence  tbe  lower  end  of  a  bar  siaoding  upright,  w 
-^pofcer,  or  a  lamp-iron,  becomes  always  a  norih  pole,  and  a  (ein^ 
pmry  aootb  pole  of  a  piece  of  soft  iron  beiu^  uppermost,  it  if 
aaore  strongly  attracted  by  Ibe  nonh  pnic  of  a  magnet 
I  it,  Iban  by  its  south  pole  ;  Ibe  distribution  of  the  fluid 
m  the  raagFMt  itidf  being  also  a  liille  more  favourable  lo  the  allrac. 
tioR.  wUke  its  Dortb  pole  is  downwards.  it  is  ohviuus  ihal  tlie 
Magneiiiin  of  tlie  norlbetD  magnetic  pole  of  the  earth  must  resemble 
ftal  affile  south  pole  of  a  magnet,  since  it  altracls  the  imrth  pole* 
'M  Ibtl  if  we  coniirfeted  the   nature  of  the  disiributioti  of  tbe  fluid 

lan  its  n'luation  in  the  earth,  we  should  call  il  a  souih  pole. 

h  il  it  inpowbte  to  lind  any  ^aces  for  two,  or  even  for  a 
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greater  number  of  magnetic  pole«p  whicb  will  correctly  e&plain  the 
direction  of  the  needle  in  every  part  of  the  earth's  surface,  yet  the 
dip  may  he  determined  with  tolerable  accuracy,  from  the  supposi. 
tion  of  a  small  magnet  placed  at  the  centre  of  the  earthy  and  directed 
towards  a  point  in  Baffin's  Bay,  about  75°  north  latitude,  and  70* 
longitude  west  of  London ;  and  the  variation  of  the  dip  is  so  incon* 
siderable,  that  a  very  slow  change  of  the  position  of  this  supposed 
magnet  would  probably  be  sufficient  to  produce  it ;  but  the  opera* 
tiou  of  such  a  magnet,  according  to  the  general  laws  of  the  forces 
concerned,  could  not  possibly  account  for  the  very  irregular  dispo« 
sitioD  of  the  curves  indicating  the  degree  of  variation  or  declination; 
a  general  idea  of  these  might  perhaps  be  obtained  from  the  suppori* 
tion  of  two  magnetic  poles  situated  in  a  line  considerably  distant  from 
the  centre  of  the  earth ;  but  this  hypothesis  is  by  no  means  sufficiently 
accurate  to  allow  us  to  place  any  dependence  on  it. 

The  art  of  making  magnets  consists  in  a  proper  application  of  the 
attractions  and  repulsions  of  the  magnetic  fluids  by  means  of  the 
different  conducting  powers  of  different  kinds  of  iron  and  steel,  to 
the  production  and  preservation  of  such  a  distribution  of  the  fluid 
in  a  magnet,  as  is  the  best  fitted  to  the  exhibition  of  its  peculiat 
properties. 

We  may  begin  with  any  bar  of  iron  that  has  long  stood  in  a  ver- 
tical position ;  but  it  is  more  common  to  employ  an  artificial  magnet 
of  greater  strength.    When  one  pole  of  such  a  magnet  touches  the 
end  of  a  bar  of  hard  iron  or  steel ;  that  end  assumes  in  some  degree 
the  opposite  character,  and  the  opposite  end  the  same  character  i 
but  in  drawing  the  pole  along  the  bar,  the  first  end  becomes  neutral^ 
and  afterwards  has  the  opposite  polarity  ;  while  the  second  end  has 
its  force  at  first  a  little  increased,  then  becomes  neutral,  and  af)er« 
wards  b  opposite  to  what  it  first  was.    When  the  operation  is  re* 
peated,  the  effect  is  at  first  in  some  measure  destroyed,  and  it  is 
difficult  to  understand  why  the  repetition  adds  materially  to  the  ine« 
quality  of  the  distribution  of  the  fluid  ;  but  the  fact  is  certain,  and 
the  strength  of  the  new  magnet  is  for  some  time  increased  at  each 
stroke,  until  it  has  acquired  all  that  it  is  capable  of  receiving.   Seve. 
ral  magnets,  made  in  thb  manner,  may  be  placed  side  by  side,  and 
each  of  them  being  nearly  equal  in  strength  to  the  first,  the  whole 
collection  will  produce  together  a  much  stronger  eflfect ;  and  in  this 
manner  we  may  obtain  from  a  weak  magnet  others  continually 
stronger,  until  #e  arrive  at  the  greatest  degree  of  polarity  of  whicb 
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of !»» I*  wd  fras  cKb  Old  af  IW  b«;  «iik  a  cMMioiMe  ^Kfc 
Ru«^  tbfy  wc  al  IM  witMnm  ia  the  Mdde,  ■  «dtr  •■  kiy  Ac 
pdtiat  c^«l  AriMns. 

h<M  Sia^  tK  tke  »r«  fron  ■  imiA^  im^t,  aks  ia^  km. 
pMd,  Md  IwbhI  ■to»|*d«wfclw««J  «<«■»«*■  I  I'  rf 
hca^  nrfe  colkciiTclj  BapKiK.  A  b«  W  atal,  ffaorf  mU« 
I  sMUalj  ^KMted  fe?  <rtd  MM.  tab 
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||w«d  wigielii^  teal  lo  braw  Ike  auammtamm^^m mm^^K 
fO<nr  ■  «  gnalcr  f^rtil  J  Una  Ike  Hrtri  oi  «■«  irfB  flaw  SB 
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Ibcaaddk,  the  paction  tbaaU  paaav ike fai^Mba rf  *» » 
•dm  pafc>  Mdy.  Bal  ia  ftct  Ite  cadi  »yA  ha»  kiM  ■  atoM 
t  lamd  k>  ac^ain  the  propMlica  of  tk  H^  ^P^l' *■  *>v  ^ 
Bc  RiiKclTv*  pmsa,  ami  m  ccitaia  ftmtt  m  mk  pace  ■  aa^Ut 
Udi  ii  ■!  fini  wam  to  lh«  acwty  fac—J  paia  flwaiiAi  ^i 
ti,\mthrwm9tdhyditnetm»mammmaiam^am.  ia*a 
Mc  ••  nasi  tappow,  iua«i  uij  la  tta  pMnI  foadflv  af  •• 
llwof;,  tbM  IW  aMpcHe  OaU  hM  MlaiA]  oofcd  i|«  dip^  fcsB 
OIK  of  ikc  pwcn,  lod  hu  been  iccofcd  frwi  ifec  ataaiffcactytt* 
OlJ>». 

Tbere  u  no  namm  to  iaapoit  laj  iasMAMc  ca^aoiia  brta«B 
Mpteliunaaddectricit^,  «CTpl  Ihal  HtttAitj  ijgfc 
lit  powers  of  boa  m  MmI  for  HaiMAHa,  ia  Ae  i^w  w» 
or  agkclKMi.     In  (oom  caco  a  Ua«,  aa  manm  of  n 
tor*.  MitbockofcfectxicthF,  bm;  capcdte  a  EOk  Ac  a 
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of  polarity ;  but  more  commonly  any  one  of  these  causes  impairs 
the  magnetic  power.  Professor  Robinson  found,  that  when  a  good 
magnet  was  struck  for  three  quarters  of  an  hour,  and  allowed  in  the 
mean  time  to  ring,  its  etficacy  was  destroyed  ;  although  the  same 
operation  had  little  effect  when  the  ringing  was  impeded  :  so  that 
the  continued  exertion  of  the  cohesive  and  repulsive  powers  appears 
to  favour  the  transmission  of  the  magnetic  as  well  as  of  the  electric 
fluid.  The  internal  agitation,  produced  in  bending  a  magnetic  wire 
round  a  cylinder,  also  destroys  its  polarity,  and  the  operation  of  a 
file  has  the  same  effect.  Mr.  Cavallo  has  found  that  brass  becomes 
in  general  much-  more  capable  of  being  attracted  when  it  has  been 
hammered,  even  between  two  flints ;  and  that  this  property  b  again 
diminished  by  fire:  in  this  case  it  may  be  conjectured  that  hammer* 
ing  increases  the  conducting  power  of  the  iron  contained  in  the 
brass,  and  thus  renders  it  more  susceptible  of  magnetic  action. 
Mr.  Cavallo  also  observed  that  a  magnetic  needle  was  more 
powerfully  attracted  by  iron  filings  during  their  solution  in 
acids,  especially  m  the  sulphuric  acid,  than  either  before  or  after 
the  operation :  others  have  not  always  succeeded  in  the  experi« 
meut ;  but  there  is  nothing  improbable  in  the  circumstance,  and 
there  may  have  been  some  actual  difierence  in  the  results,  de. 
pendent  on  causes  too  minute  for  observation.  In  subjects  so  little 
understood  as  the  theory  of  magnetism,  we  are  obliged  to  admit 
some  paradoxical  propositions,  which  are  only  surprising  on  account 
of  the  imperfect  state  of  our  knowledge.  Yet,  little  as  we  can  un- 
derstand the  intimate  nature  of  niagnetical  actions,  they  exhibit  to 
us  a  number  of  extremely  amusing,  as  well  as  interesting,  pbseno* 
mena ;  and  the  principles  of  crystallization,  and  even  of  vital  growth 
and  reproduction,  are  no  where  so  closely  imitated,  as  in  the 
arrangement  of  the  small  particles  of  iron  in  the  neighbourhood  of 
a  magnet^  and  in  the  production  of  a  multitude  of  complete  magnets^ 
ftom  the  influence  of  a  parent  of  the  same  kind.. 

[Foun^'i  Natural  Philosophy. 
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PrindpUt  oj  A'ero$tation. 

1  HE  fundamental  principles  of  this  art  have  been  long  ami  gene- 
nll>  known,  33  well  as  the  speculations  an  the  theory  of  it }  bul 
the  futreuful  application  of  iheui  to  practice  seems  to  be  allog*- 
tber  a  modern  discover)'.  These  principles  chiedy  respect  the 
wtigbt  or  preuure,  and  elatlicily  of  the  air,  with  its  specilic  gra- 
vity, and  that  of  the  other  liodies  to  he  raised  or  rtoated  in  il ;  tlia 
particular  detail  of  which  principles,  hoivever,  ne  have  not 
^ca  lo  enlarge  npon.  Suffice  it  therefore,  for  the  present,  to 
obtcrvc,  ibat  any  body  which  is  speciUcally,  or  bulk  for  bulb,  lighter 
than  the  atmosphere,  or  air  encompassing  (he  earth,  will  be  huoyed 
yp  bv  t'r,  tid  ascend,  like  as  wood,  or  a  curk,  or  a  blown  Madder, 
xscends  in  water.  And  thus  the  bodvwould  continue  to  ascend  to 
tbe  lop  of  the  atmosphere,  if  the  air  were  every  wliere  of  the  same 
densitvas  at  the  surface  of  the  earth.  But  iisiheairiscompressihle 
tDd  elastic,  its  density  decreases  conlinuully  in  ascending,  on  ac. 
(ounl  of  the  dtminijihed  pressure  of  tJie  superincumbent  air,  at  the 
bigher  cjeraljoas  above  the  etirlh  ;  and  therefore  the  body  will  as> 
cend  oaly  to  such  a  height  where  the  air  is  of  the  same  specific 
Jfavity  willi  itself:  where  the  body  will  float,  and  move  along  with 
the  wind  or  current  of  air,  which  it  may  meet  with  at  that  height. 
This  body  then  ti  an  aerostatic  machine,  of  whatever  form  or  na- 
lore  il  may  be.  And  an  air-balloon  is  a  body  of  this  kind,  the 
whole  mau  of  whicb,  including  its  covering  anil  contents,  and  the 
weights  annexed  lo  it,  is  of  less  weiqiht  than  the  same  bulk  of  air  in 
wliicli  tl  riseji,  W«  know  of  no  solid  bodies,  however,  that  are  light 
B     atoogfr  thus  to  airaid  and  float  in  the  atmosphere  ;  and  therefore 

■  tccourve  must  be  had  to  some  fluid  or  aeriform  substance.    Among 

■  Ikoe,  that  which  is  called  inflammable  air,  the  bydrogen  gas  of  the 
B    new  Domcnclature,  is  (he  most  protwr  of  any  that  have  bilherto  been 
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discovered.  It  is  very  elastic,  and  from  six  to  ten  or  eleven  times 
lighter  than  common  air ;  and  consequently  this  compound  mass 
will  rise  in  the  atmosphere,  and  continue  to  ascend  till  it  attain  a 
height  at  which  the  atmosphere  is  of  the  same  specific  gravitj  as 
itself;  where  it  will  remain  or  float  with  the  current  of  air,  as  long 
as  the  inflammable  air  does  not  escape  through  the  pores  of  its  co« 
vering.  And  thn  is  an  inflanmiable  air-balloon.  Another  way  n  to 
make  use  of  common  air,  rendered  lighter  by  warming  it,  mstead  of 
the  inflammable  air.  Heat,  it  is  well  known,  rarefies  and  expands 
common  air,  and  consequently  lessens  its  specific  gravity;  and  the 
diminution  of  its  weight  b  proportional  to  the  beat  applied.  If 
therefore  the  air,  inclosed  in  any  kind  of  a  bag  or  covering,  be  heated^ 
and  consequently  dilated,  to  such  a  degree,  that  th€  excess  of  tht 
weight  of  an  eqoal  bulk  of  common  air,  above  the  weight  of  the 
heated  air,  be  greater  than  the  weight  of  the  covering  and  its  ap» 
pendages,  the  whole  compound  mass  will  ascend  in  the  atmosphere, 
tillj  by  the  diminished  density  of  the  surrounding  air,  the  whoh 
becomes  of  the  same  specific  gravity  with  the  air  in  which  it  floats; 
where  it  will  remaiot  till,  by  the  cooling  and  condensation  of  the 
included  air,  it  shall  giadnally  contract  and  descend  again,  unless 
the  heat  is  renewed  or  kept  up.  And  such  is  a  heated  air-balloon, 
otherwise  called  a  Montgolfier,  from  its  inventor.  Now  it  has  been 
discovered,  by  various  experiments,  that  one  degree  of  heat,  accord- 
ing  to  the  scale  of  Fahrenheit's  thermometer,  expands  the  air  about 
one  fire.hundreth  part ;  and,  therefore,  that  it  will  require  about 
500^,  or  nearer  484*  of  heat,  to  expand  the  air  to  just  double  its 
bulk :  which  is  a  degree  of  heat  far  above  what  it  is  practicable  to 
give  it  on  such  occasions.  And,  therefore,  in  this  respect,  common 
air  heated  is  much  inferior  to  inflammable  air,  in  point  of  levity  and 
usefulness  for  aerostatic  machines.  Upon  such  principles  then  de» 
pends  the  construction  of  the  two  sorts  of  ah'-balloons.  But  befoie 
treating  of  thb  branch  more  particularly,  it  will  be  proper  to  give  a 
short  historical  account  of  this  late-discovered  art. 


SECTION  II. 
History  of  Aerostation* 

Various  schemes  for  rising  in  the  air,  and  passing  through  it, 
have  been  devised  and  attempted,  both  by  the  ancielits  and  mo* 
derus,  and  that  upon  different  principles,  aofl^with  various  success. 
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to  the  ingenioos  Dr.  Black,  of  Edinburgh,  that  if  a  bladder,  iroflL 
cientlj  light  and  thin,  were  filled  with  this  air,  it  would  form  a  man 
lighter  than  the  same  bulk  of  atmospheric  air,  and  rise  in  it.  Thii 
thought  was  suggested  in  his  lectures  in  IjOff  or  1^68 ;  and  he  pro* 
posed,  by  means  of  the  ailantois  of  a  calf,  to  try  the  experiment* 
Other  employments,  however,  prevented  the  execution  of  his  design* 
The  possibility  of  constructing  a  vessel,  which,  when  filled  with  nu 
flammable  air,  would  ascend  in  the  atmosphere,  had  occurred  also  to 
Mr.  Cavallo  about  the  same  time ;  and  to  him  belongs  the  honour 
of  having  first  made  experiments  on  this  subject,  in  the  beginning  of 
the  year  1782,  of  which  an  account  was  read  to  the  Royal  Society, 
on  the  20th  of  June,  in  that  year.  He  tried  bladders;  but  thethiiw 
iiest  of  these,  however  scraped  and  cleaned,  were  too  heavy.  In 
using  China-paper,  he  found  that  the  inflammable  air  passed  throu|^ 
its  pores,  like  water  through  a  sieve ;  and  having  failed  of  success 
by  blowing  this  air  into  a  thick  solution  of  gum,  thick  vamishesy 
and  oil  paint,  he  was  under  a  necessity  of  beuig  satisfied  with  wmp* 
balb ;  which,  being  inflated  with  inflammable  air,  by  dipping  the 
end  of  a  small  glass  tube,  connected  with  a  bladder  containing  the 
aur,  into  a  thick  solution  of  soap,  and  gently  compressing  the  blad- 
der, ascended  rapidly  in  the  atmosphere ;  and  these  were  the  first 
sort  of  inflammable  air-baUons  that  were  ever  made. 

But  while  aerostation  seemed  thus  on  the  point  of  being  made 
known  in  Britain^  it  was  all  at  once  announced  in  France,  by  two 
brothers,  Stephen  and  Jolm  Montgolfier,  natives  of  Auionay,  and 
masters  of  a  considerable  paper-manufiictoiy  there,  who  had  turned 
their  thoughts  to  this  project  as  early  as  the  middle  of  the  year  1782. 
Their  idea  was  to  form  au  artificial  cloud,  by  inclosing  smoke  in  s 
bag,  and  making  it  carry  up  the  covering  along  with  it»  In  that 
year,  the  experiment  was  made  at  Avignon  with  a  fine  silk  iMig ;  and 
by  applying  a  burning  paper  to  an  aperture  at  the  bottom,  the  air 
was  rarefied,  and  the  bag  ascended  to  the  height  of  JO  feet««-Va- 
fious  experiments  were  now  tried  upon  a  large  scale,  which  excited 
the  public  curiosity  very  greatly*  An  immense  bag  of  linen,  lined 
with  paper,  and  contauing  upwards  of  23,000  cubic  feet,  was  found 
to  have  a  power  of  lii^ing  about  500  pounds,  including  its  own 
weight.  Burning  chopped  straw  and  wool  under  the  aperture  of  the 
machine,  immediately  occasioned  it  to  swell,  and  afterwards  to 
ascend  into  the  atmosphere.  In  ten  minutes  it  had  risen  6000  feet: 
and  when  its  force  was  exhausted,  it  feU  to  tbe  ground  at  the  dis* 
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tanca  of  766S  Teet  from  the  place  it  had  left.     Soon  after  this,  one 
of  th«  liitilbers,  idviled  by  the  Academy  of  Sciences  to  repeat  hi* 
cvfMriiBtnU  al  their  expense,  construcied  a  laige  balloon  of  an 
cUiplinI  fxrm.     In  a  preliminary  ext>errment,  this  miichine  lifted  ' 
from  the  ;n>und  riehl  persons  who  held  it,  and  would  have  cairied  * 
Uirni  all  off.  if  more  had  not  quickly  couie  id  their  nsiistance.  Next  * 
rfcv  IIm!  machiiie  was  filled  by  the  coinbuttion  of  fifty  pounds  of  ^ 
(In*',  and  Iwclve  pounrlt  of  wool.     The  machine  soon  swelled,  * 
and  (uaiained  iUelf  in  the  air,  together  with  the  charge  uf  belweea   ' 
4  ami  500  pound*  weight.     It  was  designed  to  repeat  Hie  t 
■•nl  before  lite  king,  al  Versailles :  hut  a  violent  s'orm  o(  rain  and 
wind  bappening  lo  damage  the  machine,  it  became  necessary  to  pre- 
puc  a  n*tr  ooe  ]  and  mcli  exjiedition  witt  useil  that  this  vu»l  balluon,  - 
near  60  Sett  in  heiglil,  and  43  iu  diameter,  was  made,  paiuled  within 
and  without,  and  liiwly  decorated,  in  no  more  than  four  days  and 
GMt  Bigbl*,     Along  with  it  was  lent  a  wicker  ca^e,  conluiniag  a 
iberp,  a  cock,  and  a  duck,  which  were  the  first  animals  ever  sent  on 
b  a  yQsvgt.    The  full  success  of  ihe  eKperimenl  was,  however. 
tvcntad  by  a  violent  {usi  of  »inU,  which  lore  the  machine  in  (wo 
«  aear  lb«  lop  before  it  aiceiiiled.     Still  it  rose  1440  itvK ,-  and 
g  in  the  air  about  eii;ht  minutes,  fell  lo  Ihe  ground  al 
K  lUvtance  of  10,300  feel  from  the  place  of  its  selling  out.     The 
D  Die  lea^l  hurt. 
■  the  great  power  of  lliese  aerostatic  machines,  and  their  very 
padual  dcaceat,  tbcwed  they  were  capable  of  transporting  people 
througii  the  sir  with  all   imaginable  sardy,  M.  Pilalre  de  Ifomr 
(ffered  bbtnelf  lo  be  Ihe  first  aerial  adventurer  in  a  naw  machine, 
uMrucled  in  a  garden  in  the  fuu^buurg  of  Si.  Aotoine.     It  was 
*f  lu  onl  ibapr,  43  feet  in  diameter,  and  74  in  height,  elegautly 
pwnled  with  the  signs  of  the  lodlac,  ciphers  of  the  king's  name, 
tad  other  omatoent*.     A  proper  gallery,  grate,  &c.  enabled   the 
|icnim  uba  ascended  to  supply  the  fife  with  fuel,  and  thus  keep  up 
the  machioE  u  long  as  he  please<l.    The  weight  of  the  whole  appa- 
^niui  was  upwards  of  ISOO  pounds.  On  the  16th  of  October,  1783, 
[,  PiUtre  placing  himself  in  the  gallery,  the  tnacliioe  was  inflated, 
d  prrniillcd   lo  IKtnd  lo  Ihe  height  of  84  feet,  where  he  kepi  it 
Ml  about  four  minutes  aod  a  half;  alter  which  it  descended  very 
iMj  :  and  fucli  wax  it*  ttudency  to  ascend,  that  il  rebounded  lo  a 
Ue  height  after  touching  the  ground.     On  repealing  the 
RrriiMBI.h«  ascended  to  the  height  of  310  feet.    His  next  ascent 
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was  262  f^t;  and  in  the  descent,  a  gust  of  wind  having  b!own  the 
machine  over  some  large  trees  in  an  adjoining  garden,  M.  Pilatra 
suddenly  extricated  himself  by  throwing  straw  and  wool  on  the  fire^ 
which  raised  him  at  once  to  a  sufficient  height.  On  descending 
again,  he  once  more  raised  himself  to  a  proper  height  by  the  same 
means.  Some  time  after,  he  ascended,  with  M.  Girond  deVillette, 
to  the  height  of  330  feet;  hovering  over  Paris  at  least  nine  minutes 
in  sight  of  all  the  inhabitants,  and  the  machine  keeping  all  the  while 
a  steady  position.  These  experiments  shewed,  that  the  aerostatic 
machines  might  be  raised  or  lowered  at  the  pleasure  of  the  persons 
who  ascended.  On  the  21st  of  November,  1783,  therefore,  M. 
Pilatre,  and  the  Marqub  d'Arlandes,  undertook  an  aerial  voyage, 
which  lasted  about  25  minutes,  and  during  which  time  they  passed 
over  a  space  of  above  five  miles.  From  the  account  given  by  the 
Marquis,  they  met  with  several  different  currents  of  air,  the  effect  of 
which  was  to  give  a  very  sensible  shock  to  the  machine,  and  the  di* 
lectiom  of  the  motion  seemed  to  be  from  the  upper  part  downwards. 
It  appears  aho  that  they  were  in  some  danger  of  having  the  ballooa 
burnt  altogether;  as  the  Marquis  observed  several  round  bolct 
made  by  the  fire  in  the  lower  part  of  it,  whidi  alarmed  him  consi* 
derably,  and,  indeed,  not  without  reason*  However,  the  progressof 
the  fire  was  easily  stopped  by  the  application  of  a  wet  sponge^  and 
all  appearance  of  danger  ceased. 

This  voyage  of  M«  Pilatre,  and  the  Marquis,  may  be  said  to  con* 
elude  the  history  of  aerostatic  machines  which  are  elevated  by 
means  of  fire;  these  having  been  soon  after  superseded  by  balloon^ 
in  which  inflammable  air  was  enclosed.  This  gas  being  consider. 
ably  lighter  than  heated  atmospheric  air,  possessed  many  advantagce 
over  the  other.  The  first  experiment  was  made  by  two  brotben^ 
Messrs.  Robert  and  M.  Charles,  professors  of  experimental  phito* 
Sophy.  The  bag  was  composed  of  lutestring,  vambhed  over  with 
a  solution  of  the  elastic  gum,  called  caoutchouc,  and  was  aboel 
thirteen  English  feet  in  diameter.  Many  difficulties  occurred  10  fill* 
ing  it  with  the  inflammable  air  ;  but  being  at  last  set  at  liberty,  after 
baving  been  well  filled,  it  was  thirty-five  pounds  lighter  than  m 
equal  bulk  of  common  air.  It  remained  in  the  atmosphere  only 
three  quarters  of  an  hour,  during  which  it  traversed  fifteen  niileft 
Its  sudden  descent  was  supposed  to  have  been  owing  to  a  rupture 
which  had  taken  place  when  it  ascended  into  the  higher  r^ions  of 
the  atmosphere.    The  event  of  this  experiment^  and  the  aerial 
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1  in  tfse  BR.  and  enlirely  out  of  sight  tif  terrestrial  objecls.     The 

nfaidi  bed  beeu  riithei  flaccid,  soon  began  to  swell,  and 

r  ioAaninable  air  escaped  in  great  quantity.     He  also  drew  the 

at**,  to  prevent  the  balloon  from  bursting  ;  and  the  infiaiiimable 

I,  bd«g  cmwidenbty  warmer  than  the  external  ur,  diffused  ilself 

BnMBd,  and  vu  fcU  Lke  a  warm  atmospbeie.    In  ten  minutes. 

Hi 
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however,  the  thermometer  indicated  a  great  variation  of  tempera- 
ture :  his  fingers  were  benumbed  wilh  cohl,  and  he  felt  a  violent 
pain  in  his  right  ear  and  jaw,  which  he  ascribed  to  the  expansion  of 
tJie  air  in  these  organs  as  well  as  to  the  external  cold*  The  beauty 
of  the  prospect  which  he  now  enjoyed,  however*  made  amende  for 
these  incouveniencies.  At  bis  departure  the  sun  was  set  on  the. 
valleys ;  but  the  height  to  which  M.  Charles  was  got  into  the  at. 
niosphere  rendered  him  again  visible,  though  only  for  a  short  time. 
He  saw,  for  a  tew  seconds,  vapours  rising  from  the  valle>8  and  ri 
vers.  The  clouds  seemed  to  ascend  from  the  earth,  and  collect 
one  upon  the  other,  still  preserving  their  usual  form  ;  only  their 
colour  was  grey  and  monotonous,  for  want  of  sufficient  light  in  the 
atnio<>pliere.  By  the  light  of  the  moon,  he  perceived  that  the  ma* 
chine  was  turning  round  with  him  in  the  air;  and  he  observed  that 
there  were  contrary  currents  which  brought  him  back  again.  He 
observed  also,  with  surprise,  the  effects  of  the  wind,  and  that  the 
streamers  of  his  banners  pointed  -upwards ;  which,  he  says,  could 
not  be  the  effect  either  of  his  ascent  or  descent,  as  he  was  moving 
horiiontally  at  the  time.  At  last,  recollecting  his  promise  of  ie» 
turning  to  hi>  ^ends  in  half  an  hour,  he  pulled  the  valve,  and  ae. 
eelerated  his  descent.  When  within  200  feet  of  the  earth,  he  threw 
out  two  or  three  pounds  of  ballast,  which  rendered  the  ballooii 
again  stationary  i  but,  in  a  little  time  aOerwards,  he  gently  alighted 
in  a  field  about  three  miles  distance  from  the  place  whence  he  set 
out ;  though,  by  making  allowance  for  all  the  turnings  and  windings 
of  the  voyage,  he  supposes  that  he  had  gone  through  nine  miles  at 
least.  By  the  calculations  made,  it  appears  that  he  rose  at  this  time 
not  less  than  lO^iOO  feet ;  a  height  s«>mewhat  greater  than  that  of 
Mount  iEtna* 

The  subsequent  aerial  voyages  differ  so  little  from  that  just  now 
related,  that  any  particular  description  of  them  seems  to  be  super* 
fluous.  It  had  occurred  to  M.  Charles,  however,  in  his  last  flighti 
that  there  might  be  a  possibility  of  directing  the  machine  in  the  at* 
niosphere ;  and  this  was  atterwards  attempted  by  M.  Jeau-Fient 
filanchard.  In  one  of  the  aerostatic  excursions  of  the  latter,  he 
gives  an  account  of  the  sensations  he  felt  during  hn  voyage,  and 
which  were  somewhat  diflerent  from  those  of  M.  Charles ;  having 
in  one  part  of  it  found  the  atmosphere  very  warm,  in  another  very 
cold  ;  and  having  once  found  himself  very  hungry,  and  at  another^ 
time  almost  overcome  by  a  propensity  to  sleep.    The  height  to 
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wfikh  ht  Kfose,  a»  nieasured  bj'  tnatheniaiical  iiiilreatenli,  irv 
thought  lo  be  ver;  Mtltc  Icu  Ihaa  lO.OOO  feci;  and  heremuned  ia 
Ibc  ■imoiplirte  tn  hour  and  a  quarter.  Nolwithtlaadiiig  Uw  fa|Md 
fnpm  i>r  aeroitation  iu  France,  it  Ja  rtinarbable  ibit  mt  b 
luiJiradc  accounts  of  »ay  esperiinenti  of  ibu  kind  bcngatlc 
ta  oilier  cooutriu.  Even  in  onr  own  istaoH,  where  ■!)  wb  ■ 
ncDCM  fiori  ID  ioilulgenl  nunery,  unit  many  ihrir  tMrtb,  m  a«to. 
machine  mtt  leeo  b«fore  llie  niomb  of  NaTmbcr,  \~B3.  Va. 
ifirciilBliaiu  have  been  made  on  (be  rcamot  «f  ihii  ttna^ec 
■fgfcct  of  ••>  novel  and  brilliaul  a 
to  carrj  an«  abrw  of  probabilil;,  except  tbal  it  ni  «wd  lo  be  difc 

ig>d  by  lh«  leader  of  a  philosophical  m 
Cnr  the  imprgvcment  of  natural  kuowledge,  for  iIm  r 

Ikit  il  was  a  diicoverv  of  ■  neigbbovnng  aatiaK.     Be  tbi 
boKriFf  ai  It  mav,  il  i)  a  fact  (hat  the  &nt  acraatMi 
miMbihiied   in  England,   bv  a  foreigner  aMoaaecle 
poHeH.     Tins  *a«  a  Count  Zambeccari,  aa  ingatiMa 
faippcncd  Is  be  in  London  about  lliai  lime.    He  aaad 
oilci)  lilk.  ten  feet  in  diaimier,  weigfain;  nalj  clewea  p 
pll,  1-olh  for  ormiwai,  and  lo  reader  it  tanac  nyn 
iaAammable  ■■>,  wi(b  •hicb  it  wai  la  be  filed,    Tb*  h 
being  publjclv  ibe«n  for  Mtetiil  da;i 
AitUletf-frfMnri,  and  there  bctoe  filled  m 

'  bfliiniiaablc  air,  and  baving  a  difeclioa,  indwiid  m  ■  la  hoa*  (tg 
anr  ftcnon  by  wbooi  tl  iliwiUI  afterword!  be  fa— li,  il  waa  fa 
lAwut  oiM  o'clocb  DO  the  25lli  of  Xonwbtr,  ITU.  At  batf  f^ 
three  il  WB*  taken  U|i,  near  Pelaurib,  '»  Stira,  fottj.«^ 
iblaal  fron  Laiidoa  ;  ao  thai  it  Iraiellnl  at  lb«  nic  of  ■« 
■ib*uliour<  ill  dcKenI  aai  uccawooed  b\  a  rc»l  ■ 
■hicb  Batt  have  been  the  cfircl  of  ibc  lareUdioa  vf  tbc  a 

^^Bb^B^hi  ihe  ballooa  ucendcd  K 

^^^^^Kipb  of  M.  BUn^hird  to  c 

^^^^^Bk,  wen  nficalcd  in  IJM,   bj  1 

^^^OO^t  lligaa.  aha  naai  Ifaen 


^vMte*. 
■dmaei 

^Biwftiii 


bcigbt,  •»  il 
tiiraugli  a  tfmct  a(  cighteca 
ite*.     M.  Maraaay  bad  prepned  oaia  (tt  diwrtjag  the 

>  the  air;  bat  the)  wcr  dmMgid  by  ifae  wiad.  as  Uut  ariy 
sowiacd  terrkcablei  by  woAiag  ihcac,  bownvi,  ihc} 
ha  prodaec  a  mudile  effect  oa  the  OMliaM  of  die 
rn  a  tbini  tiiM  loyafe  peifonacd  by  IL  Blaitbari,  be  i 
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produce  tome  eftct  by  tbe  ftgiUlkw  of  his  wings»  both  m  aicttMl* 
log,  descending,  nioviog  sideways,  and  even  in  some  measure  againsi 
the  wind  :  however  thu  is  supposed,  with  some  probability,  to  havti 
been  a  mistake,  as,  in  all  his  Succeeding  voyages,  the  effects  of  his 
machinery  could  not  be  perceived. 

Having  said  thus  much  with  regard  to  the  conducting  aerostatic 
machines  through  the  atmosphere,  we  shall  new  relate  the  attempts 
made  to  lessen  their  eipeoce,  by  falling  upon  some  contrivance  to 
ascend  without  throwing  out  ballast,  and  to  descend  withotit  losing 
auy  of  the  inflfimmable  air.  The  first  attempt  of  this  kind  was 
made  by  the  Duke  de  Chartres}  who,  on  the  15th  of  July,  17849 
ascended  with  the  two  brothers,  Charles  and  Robert,  from  the  park 
of  St,  Cloud,  The  balloon  was  of  an  oblong  form,  made  to  ascend 
with  its  longest  diameter  horiiontally,  and  measured  fifty-five  feet  ia 
length,  and  twenty«four  in  breadth.  It  contained  within  it  g 
smaller  balloon  filled  with  common  air  |  by  blowing  into  which  with 
a  pair  of  bellows,  and  thus  throwing  in  a  considerable  quantity  of 
common  air»  it  was  supposed  that  the  machine  would  become  soft 
licieiitly  heavy  to  descend  ;  especially  as,  by  the  inflation  of  the  inter* 
nal  bag,  tbe  inflammable  air  ip  the  external  one  would  be  condensed 
into  a  smaller  space,  and  thus  become  specifically  heavier*  The 
voyage,  however,  was  attended  with  such  circumstances  as  rendered 
it  impossible  to  know  what  would  heve  been  the  event  of  the  scheme* 
The  power  of  ascent,  with  which  they  set  out,  seems  to  have 
been  very  great ;  as  in  three  minutes  aAer  parting  from  the  groundj 
they  were  lost  in  the  clouds,  and  involved  in  such  a  dense  vapon^r 
that  they  coulH  see  neither  the  sky  nor  the  earth*  |n  this  situation 
they  seemed  to  be  attacked  by  a  whirlwind,  which,  besides  turoing 
the  balloon  three  times  round  from  right  to  left,  shocked,  and  beol 
it  so  about,  that  they  were  rendered  incapable  of  using  any  of  the 
means  proposed  for  direcling  their  course,  and  the  silk  stuflF  of  which 
the  helm  hud  been  composed  was  even  torn  away*  No  scene  csq 
be  conceived  more  terrible  thi|n  that  in  which  they  were  now  in* 
volved*  An  immense  ocean  of  shapeless  clouds  rolled  ope  upon 
finother  below  them,  and  seemed  to  prevent  any  return  to  the  earth, 
which  still  continued  invisible^  while  the  agitation  of  the  btlloon  be* 
came  greater  every  moment*  In  tl|is  ei^tremity  they  cut  the  cords 
ivhich  held  the  iBterk>|r  balloon,  and  of  consequence  it  fell  dowi| 
upon  the  aperture  of  the  tube  that  came  from  the  large  ballooq 
fnto  the  boat,  and  stopped  it  up*    They  were  then  driven  upwaads 

b^  »  fast  of  wni  frm  Mw^  wliiA  arrir4  Uif oi  to  thr  top  of 
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Am  ritrai]'  vapour  iu  wUicli  ihtj  had  bcca  umijon.      '^'^  ■ 
Ummu  wilbuut  a  douH;  bul  the  brai  •!  !■>  an,  moi  4 
Idud  4tfMil}  of  tiie   atoiosphere,  had  nrh  m  tJijii  la  11 
wUite  air.  lliat  (be   ballooD  smued  t^ttj  mamtM  aeai 
farU.     To  pRTCOl  ihu  lliev  iulrcxliiced  a  $Uck  ifaroogb  Ike  ^fcr^ 
onkr  l»  pcuii  away  tLe  inner  buUoon  from  ils  apertuir ;  t>«i  lie 
yini^  of  ibe  taflaniRiable  air  pu&bed  it  so  c\tnt,  ihal  all  i 
■tuptoaflUakiudpioved  iiiPlTeclual.    It  wat  uutr.  liow«vFr,  b«c«iii«  - 
aWolHlrijr  uecMiary  to  give  veul  to  »  very  cousiilerRblt:  i:|uaiitily  of  t 
ftt  ialaaHBabk  air  {  for  wliicb  purpose  the  Duke  <!«  Cburitci  biin. 
alf  bMvd  IM)  boles  in  llie  balloon,  tvbich  tore  o|>eii  fur  ibe  liiigih  < 

en  or  eigbt  fitet.  On  Ibis  ihey  deKendcl  wilb  great  tapMlilj; 
mi  would  ba*e  fallen  into  a  lake,  bad  tbey  not  hasiBy  tlinMra  oal  ■ 
ikij-poaad*  o(  balta^t.    trbich   ^nabied   Ibeai  Jan   Id  ruufa  lbs   j 
VMrr'a  wlge.     Ttiis  Kbeme  for  rdising  or  lovccing  accuU 
I  by  bagt  filled  wilb  cummou  air  beug  Uim  nadind  d 
■Mlher  nMibod  wa^  Ibuugbt  of.     TLia  maa  to  pot  a  aa^  aa 
BacfaiM,  wilb  rarefied  air,  onder  an  iofluBmiblc  airJHla^ 
•Dcfa  a  tli*taiK«  that  tlie  in6duimable  »a  of  dm  UOtt  mi^  h»  fi 
fcctly  out  of  tlM  reacb  of  Ibe  tire  used   for  wtttm^ 
Ud  lh»M,  briucfewing  or  diminishing  Ibe  Sr  is  Ika  ■ 
|bc  abolatc  weigfal  of  (be  whole  wo«ld  be  cMsicab 

|ueatrd.    Thti  sclieme  was  k 
celebraled  M.  Piiatre  dc  Roxkr  md  M.  Kammm. 
e  Mir.  balloon  w«s  about  thirty ^tw  feel  la  ti 
power  of  the  nrefied  air  otic  ««  e^nralni  loabai 
tbej  tKcndcd  wilbout  anj  acddcnl ;  b«l  ba4  tm  1 
•pberrwben  Uie  ioflmmabk  atr.baUiNa  ■«  M 
derabl;,  at  tbe  lame  Iirk  tint  the  tnmmUt  vo*  ataafwi^  by 
11  ail  I  of  Idcacopet,  rcr«  aaiiow  to  gel  diwa,  aad  fc 
Hw  valve  and  ofMviBg  tbe  ■ppeBdafe*tD  Ibe  fcoAM*. 
cliuta  ibe  CKape  of  at  faoch  ■JamwaMe  ak  aa  pv 
after  Ihni  the  nadtuM  look  fire,  ailbebdch*  «#■*«(  ibne^iM.^ 
leti  of  a  ivlc  Aval  ibc  gramd. 
■ilk  of  (be  baUom  Ncotd  to  icmi 
■utr,  aflrr  ««b)th)lc»lbp>cd,  cad 

btluiaale  fnveUen  w  lapolty,  tboi  botb  af  dra  •<•«  ^Btt. 
kite  aeetned  le  have  beeo  dead  bdeic  b>  ca 
H.  Howaiiie  was  alive  wben  aooe  panow  C 
be  npircd  Unmediately  after. 
Hit  fim  aieml  vojige  ia  Eoeltikd  wa»  petftiiBl  a*  Ihr  iMl  ^ 
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September,  1784,  by  Vincent  Lunardi,  a  native  of  Italy.  His  bal« 
loon  was  made  of  oiled  silk,  painted  in  alternate  stripes  of  blue  and 
red.  Its  diameter  was  thirty.three  feet.  From  a  net  which  went 
over  about  two.thirds  of  the  balloon  descended  forty.five  cords  to  a 
hoop  hanging  below  the  balloon,  and  to  which  the  gallery  was  at- 
tached. The  balloon  had  no  valve ;  and  its  neck,  which  termi- 
nated in  the  form  of  a  pear,  was  the  aperture  through  which  the  in« 
flammable  air  was  introduced,  and  through  which  it  might  be  let 
out*  The  air  for  filling  the  balloon  was  produced  from  zinc  by 
means  of  diluted  vitriolic  acid.  Mr.  Lunardi  departed  from  the  Ar* 
tillery- ground  at  two.o'clock ;  and  with  him  were  a  dog,  a  cat,  and 
a  pigeon.  After  throwing  out  some  sand  to  clear  the  houses,  be 
ascended  to  a  great  height.  The  direction  of  his  motion  at  first  wim 
NW  by  W,  but  as  the  balloon  rose  higher  it  fell  into  another  current 
of  air,  which  carried  it  nearly  N.  About  half  after  three  be  descend- 
ed very  near  the  ground  and  landed  the  cat,  which  was  almost  dead 
with  cold  :  then  rising,  he  prosecuted  his  voyage.  He  ascril>es  his 
descent  to  the  action  of  an  oar ;  but  as  be  was  under  a  necessity  of 
'  throwing  out  ballast  in  order  to  re*ascend,  his  descent  was  more 
probably  occasioned  by  the  loss  of  inflammable  air.  At  ten  minutes 
past  four  he  descended  on  a  meadow,  near  Ware,  in  Hertfordshire. 
The  only  philosophical  instrument  which  he  carried  with  him  was  a 
thermometer,  which,  iu  the  course  of  his  voyage,  stood  as  low  as 
^ST;  and  he  observed  that  the  drops  of  water  collected  round  the 
balloon  were  frozen. 

The  second  aerial  voyage,  in  England,  was  performed  by  Mr. 

Blanchard,  and  Mr.  Sheldon,  Professor  of  Anatomy  to  the  Royal 

Academy,  being  the  first  Englishman  who  ascended  with  an  aerostatic 

machine.  They  ascended  at  Chelsea,  the  1 6th  of  October,  1784^  at 

nine  minutes  past  twelve  o*clock.     Mr.  Blanchard  having  landed 

Mr.  Sheldon,  at  about  fourteen  miles  from  Chelsea,  re -ascended 

.         ^  alone,  and  finally  landed,  near  Runagey,  in  Hampshire,  about  seventy- 

___   1    five  miles  distant  from  London,  having  gone  nearly  at  the  rate  of 

i    twenty  miles  an  hour.    The  wings  used  on  this  occasion,  it  seems, 

produced  no  deviation  from  the  direction  of  the  wind.     Mr.  Blaiu 

chard  said,  that  he  ascended  so  high  as  to  feel  a  great  difficulty  of 

breathing:  and  that  a  pigeon,  which  fiew  away  from  the  boat,  ku 

boured,  for  some  time,  to  sustam  itself  with  its  wings  in  the  rare6ed 

air,  but  after  wandering  a  good  while  returned,  and  rested  on  the 

skle  of  the  boat.  & 
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On  ibe  4\h  W  Ociobf  r,  Mr.  Sadier,  an  mg^nioat  tni(I»tti3», 
Oironl.  Bsrradeil  at  lliat  |iUce  willi  an  iiifi.uiiniahlF  nir  balloon  of 
Ijii  omn  cnniinictiori  and  filliiic.  And  an^'tu^  oti  die  twdTtli  of  rhc 
Hrae  tiiomti,  iii-  HTroderl  at  Oxford,  and  Analed  In  the  diilance  of 
/iiutteen  miln,  in  Mvpnteen  mLiuites,  winch  is  al  tli«  rate  of  arat 
6[i}F  milt^  an  hour.  On  the  33d  o(  MaMi,  coutit  Zmnbeccari,  and 
Aitmirat  Sir  E/lward  Vernon,  ascended  at  Lundnn,  and  (ail»d  to 
lIurih4Mi,  in  Sussex,  at  ihe  distance  of  IhJrlyfive  indea  in  leis  than 
ID  huur.  T)it!  Tillage  pmveil  very  dangerou*,  owing  to  aome  of 
the  luachiiiery  al>oiit  the  vnIvc  being  damaged,  which  obliged  tbem 
to  rut  iifx-n  innie  part  of  the  balloun  when  they  were  about  two 
Tnilrt  pct{>enilicular  height  above  liie  t^arlh,  the  baronieter  hat 
tttlien  from  30-4  to  iO-S  iiichet.  In  dcicending  the;  passed  tin 
I  ttensr  clnud,  wliich  felt  very  cold,  and  covered  them  with 
The  nbiervaiinn)  Ihey  made  were,  llial  the  balloou  ki-pt  perpeluall 
luniing  rniuid  in  a  veriieal  aaji,  sonierimes  so  rapidly  i 
each  revolution  m  font  or  liv<.'  sT'oindi:  that  a  peculiar 
rufilin«,via»lieiirdBmoiiat|)ecl'ii)df,  and  lhiiilheb»lluon 
agitated  in  the  drscenl.  Perhaps  the  most  d^rinc  allempl  was  thi 
of  Mr.  Blanchard  and  Dr.  Jeffries  acrosi  llie  alrails  of  Dover. 
limh  plucr  on  the  7lh  of  Jaunary.  1785,  bciM2  a  clear  fro*ly  mom.* 
ing,  wilh  a  wiud,  barcty  perceptible,  at  NNW.  The  uperal. 
liUina  )he  balloon  begun  at  ten  o*clnch.  and  at  three  qihirlera 
Iwelre  every  thing  was  ready  fur  their  departure.  At  une  o'clock 
Mr.  Bbncliard  di-iired  the  boat  tn  be  fuihed  off. 
only  two  (eel  distant  from  lliat  precipice  so  finely  HehCtil>ed 
SliahsjK-are,  In  bis  tragedy  of  Kin;-  Lear.  A*  llie  liallonn 
Karcely  sufficient  to  csrry  two,  lliey  wer«  oliliged  lo  Ihmw  not 
llieir  ballast  except  three  bdgs  of  ten  pounds  each  :  when  they 
Uit  to«e  geittly,  though  mnking  very  litlle  way  on  account  of  there 
being  to  little  wind.  At  a  quarter  afler  one  o'cloch,  iht  barometer, 
«VkIio(i  tlie  clitr  stood  al  397  inches,  was  now  falli-n  to  27-3,  and 
lh«  wcalher  proved  fine  and  warm.  They  had  now  a  most  litrnuliful 
prMpcd  o(  the  »oulh  coast  of  England,  and  were  able  lo  count 
Ihiny-sevcn  villages  upon  it.  After  pasting  over  several  vessels, 
lliey  foond  thai  lite  balloon,  at  fifty  minuter  aAer  one,  was  descend- 
ing, 00  <vbicb  they  threw  out  a  sack  and  a  half  of  ballast:  but  as 
thay  saw  thai  it  still  descended,  and  tliat  with  muchgrealer  velocity 
than  before,  tbey  now  threw  out  all  the  ballast.  This  slill  proving 
iuefiMtual,  tliey  next  threw  out  a  parcel  of  books  they  carried  along 


lOec 

lere  T^B 
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with  them,  which  made  the  balloon  ascend,  when  they  were  aboat 
midviray  betwixt  France  and  Eiigiaiid.  At  a  quarter  past  two,  find, 
ing  themselves  again  descending,  they  threw  away  the  remainder  of 
their  books,  and,  ten  minutes  after,  they  had  a  mo>t  enchanting 
prospect  of  the  French  coast.  Still,  however,  the  machine  descend- 
ed; and  as  they  had  now  no  more  ballast,  they  were  fain  to  throw 
away  their  provisions  for  eating,  the  wings  of  their  boat,  and  every 
moveable  they  could  easily  spare*  *'  We  threw  away,"  says  Dr. 
Jeffries,  "  our  only  bottle,  which  in  its  descent  cast  out  a  steam  like 
tmoke,  with  a  rushing  noise;  and  when  it  struck  the  water,  we  heard 
and  felt  the  shock  very  perceptibly  on  our  car  and  balloon."  All 
this  proving  iusuliicient  to  stop  the  descent  of  the  balloon,  they  next 
threw  out  their  anchors  and  cords,  and  at  last  stripped  off  their 
clothes,  fastening  themselves  to  certain  slings,  and  intending  to  cut 
away  the  boat  as  their  last  resource.  They  had  now  the  satisfac. 
tion,  however,  to  find  that  they  were  rbing;  and  as  they  passed  over 
the  high  lands  between  Cape  Bianc  and  Calais,  the  machine  rose 
very  fast,  and  carried  them  to  a  greater  height  than  they  had  been 
at  any  former  part  of  their  voyage.  They  descended  safely  among 
some  trees  in  the  forest  of  Guienues,  where  there  was  just  opening 
enough  to  admit  them. 

In  September,  1785,  Mr.  Baldwin  ascended  from  Chester,  in 
Mr  Luuardi's  balloon  {  and,  after  traversing  in  a  variety  of  direc. 
tioiis^  be  first  alighted  in  the  neighbourhood  of  Frodsham  ;  then  re« 
ascending  and  pursuing  his  excursions,  he  finally  landed  at  Rixton* 
moss,  twenty.five  miles  from  Chester.  Mr.  Baldwk,  who  pub« 
Ushed  hu  observations  made  during  the  voyage,  and  taken  from 
minutes,  mentions  the  following  curious  particulan.  The  sensation 
of  ascending  he  compares  to  a  strong  pressure  from  the  bottom  of 
the  car  upwards  against  the  soles  of  his  feet.  At  the  distance  of 
what  appeared  to  him  seven  miles  from  the  earth,  though  by  the  baro* 
meter  scarcely  a  mile  and  an  half,  he  had  a  grand  and  most  enchant* 
ing  view  of  the  city  of  Chester  and  its  adjacent  places  below  him. 
The  river  Dee  appeared  of  a  red  colour ;  the  city  very  diminutive ; 
and  the  town  entirely  blue.  The  whole  appeared  a  perfect  plane, 
the  highest  buildings  having  no  apparent  height,  but  reduced  all  to 
the  same  level,  and  the  whole  terrestrial  prospect  appeared  like  a  co« 
loured  map.  The  perspective  appearance  of  things  to  him  was  very 
remarkable.  The  lowest  bed  of  vapour  that  first  appeared  as  cloud, 
wai  pure  wliite  in  detached  fleeces,  increasing  as  they  rose :  they 
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«^  and  (bmed.  a*  be  cipnawt  it,  ■  wa  • 
e  aad  Ikacc  h»  ibe  aciioa  of  ttesi 


.   ibe  Bppffr(«uitWe  bnop  MMOlh  aad  ma.     Ab«««  tUi 
r  AwM-  he  ofaenrMt.  U  grm  and  ^tunil  dHaes^  a  *■«  ». 

anbUg*  «f  llimdcr  eluods  *acb  pwt«l  iiwiilii^  of  while  waa 
6itm1  (ana  :  be  cB*if«iv*  ibetr  fors  Mil  appewsMv  (•  4e 
r  of  piMe*  of  MibcsBce.  which  had  rriMMMind.  m  H  wcti^ 
noas  of  MOW,  ml  peaeinled  thnw^  ifac  «fifier  MtAar,  ae 
Door  of  cwMOB  riood^  then  tvaaiMi^  vinUa  ori  <f  Rst, 
e  rmlestovn  to  cwrm  WMbt  Meaof  iIm  sMse  hi  ■  thdch,  whkk 
b  a  fimler  «ien  be  had  fron  ibe  car  of  the  h»11ai\  h^> 
f  over  lh«  ccniTc  ot'  (be  new,  tooLiaig  il««a  «■  ibe  «hte 
I  #aer  a/  doudi,  and  >reai-  iIm  oi;  of  Cbme«  ihtvngh  aa  c|NMap 
b  diteomnl  ibe  laM»ai|iF  brln*,  GouBtd  by  lamaHAi^  «••  ' 

0  Ihaa  Iwntuiln  !n  ribmrlcT.     TVbnadlh  aflbao- 

D  drfci««  lu>  apparvni  Iwisht  in  Ibe  baltooa  (nr.  I 

'eth«i*hil»fi»nr(itr!n:i'|i.   llie  tr^oas  ia  which  he  «aa  did  ■ 

lal  eaVdtr,  but  talhcr  t>.irLii«r,  Ihnn  below ;  aad  tlMSH 

whtMiilicWIoaa  •n^  »!;ii-ini(>-.    The  diKharge  of  a  c 

I   rlie  ballooa  wai  at  a  cn:'>idenb)e  heieU,  »»  diMiactIv  beard ; 

i  aaorbcr  ducbarge,  wbra  hr  wai  al  lt>e  lid^il  of  about  thirty  Tardj, 

n  lijaiatbn)  hun  ai  to  oblige  bfm  lor  atkt;  to  la;  hold  final;  of  (be 

I  cnrdioflbe  balloon. 

Oouliiay  llic  relalMm  of  Mf.  Ctaibk'«  alteinpt  to  oots  tbe  IriA  J 
Chaunel,   and   of  Major  Mntit'i  itatTi>w  escape  from  drowning  i 
\  (he  Qerman  0«r«ti*,  me  {itucctd  lo  trmvtk  thai,  iboni  tbeh 
of  Auswt,  178a,  ibc  luo;»t  aerial  tojage  we  hare  wt  I 
^af  wae  perfnnBed  b^  Mi.  Blancbard  ;  lie  asreudrd  al  Lisle,  aecoc 

d  liv  tbe  Chevalier  de  L'Epinaid,  and  Imetled  300  miles  i*| 
^  (he  belloon   before  II   deseeniled.      Ou   this 

e*,  Mr.  Btuiclinrd  made   Irinl  of  h  pnTarbiile,    nn  iustrvij 

iiiTa(  hhe  a  Urne  umbrt  jta.  invciiied  In  breHk  ihe  rnll,  lu  caie  of  ai 

Bcodm  hapfminK  to  tiie  balloon  :  with  ibis  uiBcbtne  be  dmpped  a 

dirg  front  Ihe  car  soon  niter  his  aicenstoti.  wbicb  descrndrd  grullj 

\  and   unhurt.     The    mosi   rriebiMinl    ueroiiaut    of   modern   tioiei 

■  na  M-  Gamerin,  a  m-.m  nf  an  anlmt  and  In^nlous  miiid,  but  |)ro> 


«WrkaHbi-r 


0wt  Tarnwaih,  and  v-m  ■< 
AifH  ilaap,  aftet  lu*lag  r 


Yfotiewnf  ttir  prriliiHi  iltiutiiin  af  tli\\nt 
(h  bi>  bill<H>u  on  UiF  iS4  July,  1195,  ut  Ihi 
ii  proviil'iiliill]'  di'Cnvi'rrd  aud  liiktu  ar  bf 
naiacd  in  llic  nalcr  duiin(  Bra  heun. 
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bably  not  very  intimately  acquainted  with  the  sciences  connected 
Mrilh  aerostation.    We  do  not  remember  hearing  of  this  f^«ntleman 
until  August,  1708,   on  tl*e  28th  of  which  month   he  made    his 
eleventh  ascension  from  Paris,  accompanied  b](,  a  female  frie>id. 
His  course  for  a  considerahle  time  was  near  the  ground,  during 
which    he  conversed   with   the  people   below.     These  conver^a. 
dons  shewed  how  much  the  earth  reflected  sound  ;    for  atl  his 
words  were  repeated  Ave  or  six  times.     He  thoueiit  at  first  that  it 
might  be  governed  by  some  local  circumstance,  which  indeed  is  very 
probable  with  regard  to  the  repetition.     He  descended  several  times 
to  the  same  level,  at  a  distance  often  leagues  asunder,  where  he  con- 
stantly observed  the  same  t  ffect.     This  great  vibration  of  the  air  was 
not  sensible  to  disitances  exceeding  150  or  200  toises.     It  decreased 
with  the  distance.  Having  made  a  number  of  aerial  voyages,  M.  Gar. 
oerin's  mechanical  acquaintance  with  the  requisites  for  insuring  sue* 
cess  was  confirmed  by  frequent  experience.     This  gentleman,  availing 
himself  of  the  short  interval  of  peace,  visited  England  in  the  summer 
of  1802;  and  thus  excited  the  attention  of  the  British  public  to  the 
almost  forgotten  subject  of  aerostation.     His  voyages  made  in  this 
country  are  fresh  in  the  memory  of  every  one ;  and  as  they  were 
minutely  detailed  in  several  of  the  daily  papers  and  monthly  publi- 
cations, we  shall  be  the  more  readily  excused  giving  a  full  account 
of  them  here.     On  June  29th,  this  aeronaut,  accompanied  by  a  mi« 
litary  gentleman  (Captain   Snowden)   rose    from   Ranelagh,   aud 
alighted  near  Colchester,  in  less  than  three  quarters  of  au  hour; 
having,  in  that  short  period,  travelled  full  sixty  miles !  During  this 
voyage  the  aeronauts  did  not  appear  to  move  with  any  unpleasant 
rapidity,  until  they  began  to  descend,  when  they  were  much  aflfected 
by  the  boisterousness  of  the  wind  :  their  descent  was  attended  with 
danger,  and  occupied  some  minutes.  From  (bis  voyage»  then,  it  may 
fairly  be  concluded,  that  the  wind  often  moves  with  much  greater 
velocity  than  is  commonly  assigned  to  it :  on  the  day  this  vo\age 
was  made,  the  wind  was  not  thought  to  be  more  high  and  boister. 
ous  than  it  often  is,  yet  it  can  hardly  be  doubted  that  its  velocity  waa 
more  than  eighty  miles  |)er  hour,  and  this  is  nearly  double  the  velo. 
city  which  is  commonly  assigned  to  such  winds. 

The  smgular  experiment  of  ascending  into  the  atmosphere  with  an 
inflammable  air.balloon,  and  of  descending  with  a  machine  called  a 
panchute,  was  performed  by  M.  Oamerin  on  the  21st  of  Sep. 
tember,  1802.  He  ascended  from  Sr.  George's  Parade,  North 
Aadley.str«ct|  and  detccnded  safe  into  a  field  near  the  SmalUpoi^ 
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HoifMial,  ia  hacfM.     The  bdkM  n>  «f  ite  asMl  tort.  vis.  af 
oiled  oft,  mklk  ■  Bfll.  froM  «hi 

■VRJMMcd  lo.  aMgknpBMaCts  fad  btfaw  Aa^ 
balbwo.    T«  ibtt  rape  Uw  pantkmtt  mm  fi 

Tbe  lewkt  maytmiij  feralahiHMifMidnaf  HMffr  j 

fKt  in  diMMter,  bal  dalMole  of  ibe  ■*•  mJ  t 
fOpn  of  ■boat  Uurtj  ferl  n  Icagth.  i 
<mIk«  of  tiw  panduite,  tcnsMiM 
Ikifcrt  tlu)rterto|)es|N«cc«d«il.toi]Ma 
«u  Cuteiwd,  ukI  id  ikic  bufccl  M.  Guaam  fbcti  li 
Ae  lissle  tope,  wbndi  faat  b*«B  sud  ab««c  t»  pan 
MlooB,fMwd  thriMgli  abokMtJwnMcif  Aep 
thnwcfc  cetttin  tin  hAei,  wkidi  •!»  fiactd  ■■«  alia 
IW  place  of  Ibe  iMadfe  or  *ikk  •(  b  —tnli.  i 
btmdlolbebMliH;  to  tlnl  •facn  Uw  hdlMa  «m  m  *•  «(  I9  J 
ntting  Um  Old  or  Ifai*  ni|»   next   10  the  tiiil^  lb* 
litb  llw  buket,  m«ld  be  Kpuaicil  fran  Ibe  boMoM,  ■ 
ng  downward*,  ■oaM  be  mhmll;  opeacd  b;  ibe  tcMU 
Tbe  UB  of  ihe  tia  tBbtt  WM  to  Id  Um  rape  alip  «f  > 
certtml7.  and  lo  farMoi  iii  bdug  eal—g)td  wiih  aaj  of  ibr  oiber  1 
npei,  a^  bIm  lo  ktep  ibe  paradate  at  a  dirtaocc  &&m  tbc  baiiiiL  1 
Tlw  balloon  began  to  be  fiUed  at  al 
tbin^w  <atk*  &Ucd  wiib  tiaa  filing  aad  dilated  laliihaiii  acid,  (ar<l 
lb«  prodadino  at  the  bjrdiogen  gai.     Tbcfe  c 
Ihree  olbrr  caiks  or  gracial  ntei«cn,  lo  each  of  whicb  wat  fiicd  ■■ 
tube  tbat  emptied  lUclf  imo  tbe  maui  lube  altacbed  lo  the  balloew.  1 
Al  lix,  tJie  ballooti  b«ii^  quite  full  of  gu,  and  tbe  paiacbute.  Set.   ' 
bnagattacbed  to  it,  M.tiatucno  plated  biouel/  ia  the  batket,  and 
■NOidcd  iBijetUcallv  amidttl  tbe  itcclanialioDt  of  inuiunerable  fpeo. 
tUnn.     The  wealber  vtu  (be  clearetl  and  pieannttsl  imagiaaUe] 
Iht  wind  **a«  gefille  and  about  wt*\  liy  aoulb ;  in  conieqncnec  af  ^J 
which  H.  Gamerin  went  in  (b«  direciion  of  about  eail  by  u 
lu  aboni  ci^t  minotes  lime,  (he  balloon  and  paracbole  bad  ascended   , 
lo   an    UBiacMe   heigbt,    and  SI.  GBrueriu,  in  the  batkel,   coaii 
wancly  be  pcicsnd.     While  every  spectator  was  contemplatiDg  | 
tbe  grand  aigbl  before   bini,  M.  Gamerin  cut  ibe  tope,  and  ia  u 
iblanl  be  was  aerated  from  ihe  balloon,  (rusting  his  safety  to  tha 
puicbule.     At  first,  vii.  before  Ihe  parachute  opened,  he  fell  with    , 
gKitaelocity ;  but  as  soon  as  the  paracliule  nas  expauded,  which 
loak  pbcc  *  few  nomeou  after,  Ibe  detcent  wai  very  geaUe  and  gt^ 
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dual.  In  this  descent  a  remarkable  circumstance  was  obserredyiiaiiielj^^ 
that  the  parachute  with  the  appendage  of  cords  and  basket,  soon 
began  to  vibrate  like  the  pendulum  of  a  clock,  and  tiie  vibrations 
were  so  great,  that  more  than  once  the  parachute,  and  the  basket 
with  M.  Garnerin,  seemed  to  be  on  the  same  level,  or  quite  bofi^ 
contal,  which  appeared  extremely  dangerous :  however,  the  extent 
of  the  vibrations  diminished  as  he  came  pretty  near  the  ground* 
On  coming  to  the  earth,  M.  Oamerin  experienced  some  pretty 
strong  shocks,  and  when  he  came  out  of  the  basket,  he  was  mucb 
discomposed ;  but  he  soon  recovered  his  spirits,  and  remained  wittf  • 
out  any  material  hurt. 

SECTION  lit. 

Construction  ofBallooni. 

The  shape  of  the  balloon  is  one  of  the  first  objects  of  considers* 
tion  in  the  construction  of  this  machine.  As  a  sphere  admits  the 
greatest  capacity  under  the  least  surface,  the  spherical  figure  or  that 
which  approaches  nearest  to  xX^  has  been  generally  preferred.  How^ 
ever,  since  bodies  of  this  form  oppose  a  great  surface  to  the  air,  and 
consequently  a  greater  obstruction  to  the  action  of  the  oar  or  wings 
than  those  of  some  other  form  ;  it  has  been  proposed  to  construct 
balloons  of  a  conical  or  oblong  figure,  and  to  make  them  proceed 
with  their  narrow  end  forward.  Some  have  suggested  the  shape  of 
a  fish ;  others,  that  of  a  bird  ;  but  either  the  globular,  or  the  egg^ 
like  shape,  is,  all  things  considered,  certainly  the  best  which  can  be 
adopted.  The  bag  or  cover  of  an  inflammable-air  balloon  is  beil 
made  of  the  silk  stuff  called  lustring,  varnished  orer.  But  for  m 
Montgolfier,  or  heated.air  balloon,  on  account  of  its  great  aise^ 
linen  cloth  has  been  used,  lined  within  or  without  with  paper,  and 
varnished.  Small  balloons  are  made  either  of  varnished  paper,  or 
simply  of  paper  unvarnished,  or  of  gold  beater's  skin,  or  such*like 
light  substances.  The  best  vray  to  make  up  the  whole  coating^of 
the  balloon,  is  by  different  pieces  or  slips  joined  lengthways  firom  end 
to  end,  like  the  pieces  composing  the  surface  of  a  geographical 
globe,  and  contained  between  one  meridian  and  another,  or  like 
the  slices  into  which  a  melon  is  usually  cut,  and  sapposed  to  be 
spread  flat  out.  Now  the  edges  of  such  pieces  cannot  be  exactly 
described  by  a  pair  of  compasses,  not  being  circular,  but  flatter  or 
less  rounder  than  circular  arches ;  but  if  tbe  flips  are  sufficiently 
narrow,  or  oumeroai^  they  will  differ  tbc  less  fiom  circles,  and  may 
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be  <1«»rrfl>«<lu  such.    Bui  more  accurntcly,  the  brendllis  of  the  slip, 

fral  dislancei  frnm  the  poiiil,  lo  tlie  iitiddk,  where  it  ii 

bnadm,  are  directly  n%  llie  sines  of  Itinse  distaims,  radi'is  being 

hair  leitpb  of  the  ilip.     After  pruvidiu^  tlie  neteasary  quantity 

■f  llw  stuff,  and  each  piece  huving  been  pruperly  prepared  with  the 

drj'mg  oil,  let  the  eorre:  pa  tiding  ed^es  be  Kwed  together  in  such  a 

ler  as  lo  leave  about  linlf  or  three  quarters  of  an  inch  of  one 

biiyond  lUe  e^lge  of  the  other,  in  order  that  this  may,  in  a  sub- 

vqucal  raw  of  slildiea,  he  turned  over  the  latter,  and  both  ugaia 

down  together,  by  ao  doing,  a  cousiderahte  degree  of  strength 

given  lo  the  whole  bag  at  tJie  scJins,  and  tlie  hasnrd  of  the  gass 

Mcaping  doubly  prevented.      Hdviiig  gone  in  (bin  muuner  through 

idl  tilt  seams,  the  folloviiug  method  of  Mr,  Blanchard  is  admirably 

Iculatcd  Id  render  them  yet  more  perfectly  air  tight.    The  seam 

ing  doubly  «tilchcd  m  above,  lay  beneath  it  a  piece  of  brown 

per,  and  alto  anotlier  piece  over  it  on  the  oulside ;  upon  this  lat. 

ibt  pats*  wvervl  timet  a  common  fire-irou  heated  just  suliicieiilly  to 

'WfieD  llie  drying  oil  in  the  seam  ;  tins  done,  every  interstice  will  be 

doaed,  and  tlie  seam  rendered  completely  air  light.     The  neck 

i«ril>e  baJfuou  being  left  a  foot  in  diameter  and  three  in  length,  aad 

~4I  the  seaiiu  finished,  the  bag  will  be  ready  to  leceive  the  varnish,  a 

■Bgic  coating  of  whicli  an  tlie  outside  is  found  preferable  to  the 

'fivrnier  meliiud  nf  giving  an  internal  as  well  as  external  coat. 

'    The  contpositions  for  varnbhing  balloons  have   been  variously 

'■odifird  ;  but,  upoit  the  whole,  tlie  most  approved  appears  to  be 

e  bird.lime  varnish  of  M.  Faujas  St.  Kond,  prepared  after  Mr. 

■valfo's  method,  as  follows  :  "  In  order  to  render  linseed  oil  dry. 

g,  boil  it,  with  two  ounces  of  sugar  of  lead  and  three  ounces  of 

barge  for  ever^  |Hiit  of  oil,  till  they  ute  dissolved,  which  may  be  in 

itfan  hour.     Tlien  put  a  pound  of  bird-lime  and  balf  apint  ufthe 

rjmg  oil  iiito  an  imn  or  copper  vessel  whose  capacity  should  equal 

dinula  zMrm,  and  let  it  boil  very  gently;^  over  a  slow  charcoal  fire 

'till  tbe  bird  lime  ceaMs  to  crackle,  which  will  be  in  about  half  or 

Ifcree  quailrri  of  an  hour  ;    then  pour  upon  i1  two  pints  and  a  half 

»re  of  tbe  dryii^  oil,  and  let  it  boil  about  an  hour  longer,  stirring' 

foqueotly  with  an  iron  or  wooden  spatula.     As  the  varnish  whilst 

niliog,  and  especially  when  nearly  done,  swells  very  much,  care  - 

loalt)  be  taken  to  remove,  in  those  eases,  the  pM  from  the  fire,  and 

ti^[»e»  it  wb«n  the  vamish  subsides ;    otherwise  it  will  boil  over. 

Wfadit  the  klnff  b  bailing  the  operator  shotil  J  occadiunnlly  examiaA 
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whether  it  has  boiled  enough  i  which  ma^  be  known  by  observing 
whether,  when  rubbed  betweeii  two  knives  and  then  separated  from 
one  another,  the  varnrsh  forrav  threads  between  them,  as  it  must  then 
be  removed  from  the  fire  ;  when  nearly  cool,  add  about  an  equal 
quantity  of  spirit  of  turpentine :  in  using  tlie  varnish,  the  stuff  must 
be  stretched  and  the  varnish  lukewarm :  in  twenty.four  hours  it  will 
be  dry."  As  the  elastic  resin,  known  by  the  name  of  Indian  rubber* 
has  been  much  extolled  for  a  varnish,  the  following  method  of 
making  it,  as  practised  by  Mr.  Blanchard,  may  not  prove  unaccept. 
able  :  Dissolve  elastic  resin,  cut  small,  in  Ave  times  its  weight  of 
rectified  essential  oil  of  turpentine,  (ethereal  spirit  of  turpentine  of 
the  shops),  by  keeping  them  some  days  together  ;  then  boil  one 
ounce  of  this^solution  in  eight  ounces  of  drying  linseed  oil  for  a  few 
minutes  ;  strain  the  solution  and  use  it  warni.-«The  car  or  boat  b 
best  made  of  wicker-work,  covered  with  leather,  and  painted  |  and 
the  proper  method  of  suspending  it,  is  by  ropes  proceeding  from  the 
net  which  goes  over  the  balloon.  The  net  should  be  formed  to  the 
shape  of  the  balloon^  and  tall  down  to  the  middle  of  it,  with  various 
conis  proceeding  from  it  to  the  circumference  of  a  circle  about  two 
feet  below  the  balloon ;  and  from  that  circle  other  ropes  should  go 
to  the  edge  of  the  boat.  This  circle  may  be  made  of  wood,  or  of 
several  pieces  of  slender  cane  bound  together.  The  meshes  of  the 
net  may  be  small  at  top,  against  which  part  of  the  balloon  the  inilam* 
mable  air  exerts  the  greatest  force ;  and  increase  m  aise  as  thcj 
recede  from  the  top. 

With  regard  to  the  nirefied*air  machines,  Mr.  Cavallo  reconu 
mends  first  to  soak  the  cloth  in  a  solution  of  sal-ammoniac  aad  com- 
mon size,  using  one  pound  of  each  to  every  gallon  of  water ;  and 
when  the  cloth  is  quite  dry,  to  paint  it  over  in  the  inside  with  some 
earthy  colour,  and  strong  sixe  or  glue.  When  thb  paint  has  dried 
perfectly,  it  will  then  be  proper  to  varnish  it  with  oily  vmmisbt 
which  might  dry  before  it  could  penetrate  quite  through  the  dolb* 
Simple  drying  linseed  oil  will  answer  the  purpose  as  well  as  may, 
provided  it  be  not  very  fluid.  If  a  parachute  is  required,  it  sbouM 
be  constructed  so  as  when  distended  to  form  but  a  small  segment  of 
a  sphere,  and  not  a  complete  hemisphere  ;  as  the  weight  of  this  ma« 
chine  is  otherwise  considerably  hicreased,  without  gaining  much  in 
the  opposing  surface.  The  parachute  of  M.  Gamerin  is  particularly 
defective  in  too  great  extension  of  its  diameter ;  an  nnnecessary  ad* 
ilitioD  to  its  weight  of  a  lining  of  paper  both  withinside  and  withooti 
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ftc  too  amt  wpptmimMtino  of  th«  basket  lo  ihe  IMMI7  nt  xke  pan. 
«bulF  (  and  tapecially  ■  (r>e  wwit  of  a  pcrpcuHtculaT  »fd  paxinj 
ftnin  the  att  to  ttw  cmliv  of  ihe  concave  of  thr  umKfvltj,  lir  the 
abrncr  of  whicb  the  x-locJ'T  of  (be  rlnceot  U  ttnatn  to  bt  tvtv 
jB^wl  before  tbe  dMchuie  bccoinef  al  ill  dUlcnrlc.l :  ■b«frat,  if  a 
Bsnl  nerr  iInm  difp>i«Ml.  ihe  centre  of  thv  psradtuie  would  be  ihc' 
n  6nt  drawn  tininiwardi  by  Ihe  a|ipeitiie-l  wei^i,  and  Ibe 
McbinetronM  iMralmoit imniciliaiely  at  i1<  full  extcnsnia.  Having 
(•lid,  by  ejperiinc-ol.  ihc  diameter,  required  for  iimirin^  nfictr. 
kc  furtliFt  the  buket  or  car  ii  fnim  Ilie  ambtelb,  tlie  Ita  fear  thall 
c  have  of  W)  iuvcnion  of  Ilia  i*bale  from  viokut  uicilUiiom ;  jet, 
Ibe  Inn^r  (be  space  belweeo  Ihe  cjr  and  (be  head  of  t'le  miichi»e, 
Hk  loa^t  (till  be  ihe  fjuce  run  tlirougfa  in  each  viliralion  wbeo 
e  begun,  yet  by  so  inucb  Ihe  mor*  will  ihey  be  tteadier  :  ami 
1m  onght  tu  be  alleiHlcd  (o,  ai  wbeii  by  the  violence  of  the  oscilla. 
IS  the  car  became  (in  Gamerin"*  etperiment)  on  a  line  wilh  the 
tuntal  *xn  of  the  madiine  (or,  iu  other  words,  ihe  pniiil  "f  iiu. 
utioii,)  ihe  force  nf  gravity,  or  ihe  gravitating  power  of  the 
Ircight  in  the  car,  on  tbe  umbrella,  being  at  that  crisis  reduced  (o 
Mliing,  file  iligUltfl  catiie  nii<^il  have  carried  ihe  body  of  the 
nchinc  in  a  lateral  diteclion,  reversing  Ihe  concavity  of  the  ui&- 
Klla,  and  M.  Garaerio.  perliaps.  have  falirn  upon  the  now  convex 
ytt  inlernal  portion  of  the  bag,  and  (be  whole  have  descended  coa- 
Iwedfy  lo^lher. — It  naw  remains  lo  give  some  acconul  of  Ihe 
■Kbod  by  which  aero'laiic  machines  may  be  filled :  and  here  we 
It  able  to  determine  wilh  much  grealer  precisiou  concerning  I  be 
idanimable.air  balloniis  lliun  the  other  kind.  With  regard  to  Ihese, 
9  primary  coniider^lioa  is,  the  mo^t  elTecliial  and  cheap  mttliod  of 
pracuHng  tbe  in  flammable,  air.  It  will  be  found  ihal  the  most  ad- 
lelhods  are,  by  applying  acids  to  certain  metals ;  by 
Ittpomif  aDimd,  vegeable,  and  some  mineral  substances,  in  a  close 
sel  lo  a  •tioDg  6re  i  or  lastly,  by  transmitling  l)ie  vapour  of  cer- 
a  fluids  Ihtovgh  red. hot  tubes.  For  oblaioing  inflammableaii 
t  ptt.coa).  asphaltum,  amber,  Sic.  &c.  Mr.  Cavallo  recom- 
1  the  following  apparatus :  let  a  vessel  be  made  of  clay,  or 
a  the  ihape  of  a  Florence  flask,  somewhat  larger, 
wboaa  neck  i*  longer  and  larger  Put  the  subslance  to  b« 
^  iwd  into  ikti  vctset,  30  as  lo  till  about  four-tifllis  or  lets  of  iti 
nily.  If  die  substance  be  of  such  a  nature  u  to  swell  much 
a  9f  Ibc  fire,  lule  a  tube  of  bran,  or  fint  a  br«fi  and 
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then  a  leaden  tube,  to  the  neck  of  the  vessel ;   and  let  the  end 
of  tlie  tube  be  so  shaped  tliat   going  uit»  the  water  it  may 
terminate  under  a  sort  of  inverted  vessel,  to  the  upper  aper* 
lure  of  which  the   balloon  is  adapted.      Things  thus  prepared, 
if  the  part  of  the  vessel  is  put  into  the  fire,  and  made  red.hotf 
the  inflammable  air  produced  will  come  out  of  (he  tube,  and 
passing  through   the   water  will   at   last   enter  into  the  ballooo. 
Previous  to  the  operatioii,  as  a  considerable  quantity  of  commos 
aur  remains  in  the  inverted   vessel,  which  it  is  more  proper  to 
expel,  the  vessel  should  have  a  stop-cock,   through  which  the 
common  air  ma^  be  sucked  out,  and  the  water  ascend  as  high  as  the 
stop-cock.     To  procure  inflammable  air  b^  means  of  steam.  Dr. 
Priestley  used  a  tube  of  red.hot  brass,  upon  which  the  steam  of 
water  has  no  eflfect,  and  which  he  filb  with  the  tuniiiigs  of  iron  that 
are  separated  in  tlie  boring  of  cannon*  By  thb  means  he  obtained  an 
inflammable  air,  the  specific  gravity  of  which  is  to  that  of  commoo 
air  as  1  to  13.    In  this  method,  not  yet  indeed  reduced  to  general 
practice,  a  tube  about  three-quarters  of  an  inch  in  diameter,  and 
about  three  feet  long,  is  filled  with  iron  turnings  ;  then  the  neck  of 
a  retort,  or  close  boiler,  is  luted  to  one  of  its  ends,  and  the  worm  of 
a  refrigeratory  b  adapted  to  its  other  extremity.    The  mkldle  part 
of  the  tube  b  then  surrounded  with  burning  coals,  so  as  to  keep 
about  one  foot  hi  length  of  it  red.hot,  and  a  fire  b  always  mada 
under  the  retort  or  boiler  sufficient  to  make  the  water  boil  whh  vi^ 
hemence.      In  thb  process  a  considerable  quantity  of  inflammaMa 
air  comes  out  of  the  refrigeratory.     It  b  said  that  iron  yields  ooa 
half  more  air  by  thb  means  than  by  the  action  of  vitriolic  add^«» 
With  regard  to  the  rarefied.air  balloons,  the  method  of  fillmg  tban 
b  by  means  of  a  scaflfold,  the  breadth  of  which  is  at  least  two^tUrds 
of  the  duimeter  of  the  machine,  and  elevated  about  six  or  eight  ft«t 
from  the  ground.    From  the  middle  of  it  descends  a  well,  rinng 
abput  two  or  three  feet  above  it,  and  reaching  to  the  ground,  fbr* 
uished  with  a  door,  through  which  the  fire  in  the  well  b  supplied 
with  fuel.    The  well  should  be  constructed  of  brick,  and  its  dia* 
meter  somewhat  less  than  that  of  the  machine.    On  each  side  of  tba 
sca£fold  are  erected  two  masts,  each  of  which  b  fixed  by  ropeH,  and 
has  a  pulley  at  the  top.    The  machine  is  to  be  placed  on  the 
fpMy  with  it^  neck  round  the  aperture  of  the  well.    The  ropt 
sing  over  the  pulleys  of  the  two  masts,  serves  to  lift  the  ballooii 
d^ut  fifUen  feet  above  the  scaflfold ;  and  it  k  kept  standy,  and  bcM 
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down,  whflst  fillhiK,  b;  rofies  ps^in);  ilitough  loopi  or  holes  about 
kscqintw:  and  iIicm  kijifs  ma)  »tity  be  diieiiga^cd  <Tom  clic 
liipe,  by  tliptHOg  iLctn  llituugli  llic  loops  wbtn  il  a  able  lo  m 
iltrif.     Tbc  proper  combusliblt^,  In  be  ligbicl  in  the  tvcll,  an  , 
UiiMr  Mhkb  bnm  <|uH:k  and  clear,  rathrr  tbdx  >u<b  ns  pn>duce  much  • 
anok«;  braiiue  it  is  hot  air,  and  nolsniokt,  Ihiil  is  rtijuiied.  Small 

*rn<«  M«  vvry  fi|  fnf  tbis  purpose.  As  lite  current  of  bot .  1 
tbc niHClttae  will  dildte,  ami  lift  ilKlTabDve  ibe  <>cafi'uld^ 
KMiity  wbicb  was  covered  by  it,  Tbe  pits^ugeri,  fuel,  ii 
t*,  dec  are  then  placed  m  ibc  gallcrj.  When  the  tiiachme  i 
la  (omaccud,  it)  apcrlure  niuit  be  bruughl,  by  means  of  ihe  ropeft  i 
ttocKcdloil,  towards  the  tideor  the  well  a  little  above  the  scaffold  {: 
Ibc  6n-pUcc  i*  ibeu  tu^peoded  in  il,  the  tire  lighted  in  the  grate, 
Ud  tbr  lateral  rope«  being  slipped  off,  Ihe  machine  Ik  let  go.  It  hai 
kam  (lel^nniiwd  b;  accmale  exjieri meals,  thai  only  one^ihiidoftha 
ipehed  from  lliese  large  machines:  and  there* 
fcre  lb«  ktceuditigpowcruf  liicraretiedair  in  Ihemcanbe  estimated 
ai  only  r<|u«l  to  half  an  ounce  avnirdupiime  for  every  cubic  foot. 

Tbe  cowluct  of  ballooiia,  wlieii  cunstcucted,  filled,  and  actu<<11y 
■Kended  in  Ihe  atmosphere,  is  an  object  ot  great  inip-rtauce  in  tb« 
pracbce  of  uerMlation.  The  method  generally  ujcd  for  elevating, 
•r  lowenng  lire  balluon^  wilb  rarefiird  air,  bai  been  Ibe  increase  or 
liiMi  of  the  lire  ;  and  lliia  is  entirely  at  the  commund  of  Ibc 
Mrooaa),  aa  l«n^  as  he  lias  any  fuel  in  the  gallery.  The  itiflamma- 
UF.atr  balloons  have  been  generally  tailed  or  lowered  by  Himin'shiiig 
kcir  balloil,  or  by  letting  nut  some  of  the  gas  through  the  valve; 
k«l  tbc  alteTDalc  escape  of  Ihe  air  in  descending,  and  discbarge  of 
ballaat  for  ascending,  will  by  degrees  render  ibe  inHchiDe  inca- 
ptble  of  Aoaljtig ;  for  in  the  air  it  is  impossible  )o  supply  the  loan  of 
ihlllasi,  and  very  difficult  to  supply  that  of  inflammable  air.  These 
mtooiu  will  also  riw  or  fall  by  meaoi  of  the  rarefaction  or  con- 
ilion  of  Ihe  inclosed  air,  occasioned  by  heat  and  cold,  as  haa 
been  alrrady  observed.  Wings  nr  oars  are  the  only  means  of  thil 
•ort  thai  have  been  used  with  any  probable  success  i  and  as  Mr. 
Cavalto  ohtetvct,  they  aeem  to  be  capable  of  considerable  improve- 
I,  Ibougb  mach  is  not  lo  be  expected  from  them,  when  the 
line  goei  at  a  great  rate.  It  is  a  mailer  of  sur|)rise,  that  (be 
I*  hmls  for  directing  balloona  ap|>ear  lo  lie  domianl  wjih 
pfojectors  who  seem  indisposed  to  make  any  allrnipis  lo 
iany  ibf ir  plaa*  iolo  execution  :  thus  the  uvemions  of  professor 
o3 
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Daniel  (Philosophical  Magazine,  vol.  iv.)  also  of  Martin,  and  the 
proposals  for  prrloniiing  the  same  bv  meiins  of  eagles  tmiued  for 
ihe  purpose ;  or  by  a  reversed  parachute  to  retard  the  direct  pro- 
gress of  the  balloon,  whereby  less  power  will  be  necessary  to  impel 
it  in  a  lateral  direction  ;  all  these  plans  remain  obsolete  and  unprac 
tise<l  from  the  lime  of  their  suggestion.  With  respect  to  the  pro* 
bability  of  directing  aerostatic  machines,  we  may  infer  it  to  be 
possible^  although  the  methods  hereto  tried  have  been  inadequate; 
perhaps  because  they  were  not  sufficiently  powerful ;  as,  to  expect 
to  make  so  large  a  body  as  a  balloon  to  vary  from  the  wind  by  the 
impulsion  of  an  oar  of  six  or  eight  feet  in  length  and  one  or  two  in 
breadth  (and  that  by  only  endeavouring  to  draw  the  car  out  of  the 
perpendicular)  is  to  expect,  by  means  of  a  boat's  oar,  to  impel  a  ship 
of  burthen.  Oars  are  doubtless  the  most  likely  means  to  efiect  this 
purpose,  if  they  were  of  dimensions  proportionate  to  the  t-ffects  they 
arewished  to  produce.  The  addition  of  sails  were  any  variation 
from  the  wind  is  desired,  will  prove  Injurious  till  we  have  attained  a 
method  (perhaps  only  to  be  accomplished  by  oars)  of  keeping  the 
same  point  of  the  balloon  continually  in  a  given  direction.  Yet  we 
doubt  not  but  these  also  might  prove  of  great  service  in  quick  dis« 
patches,  by  water  }  as,  for  instance,  where  it  is  required  to  pass  a 
fortress  or  fleet  for  Ihe  succour  of  a  besieged  town,  or  convey  dis* 
patches  thereto  :  a  small  balloon,  of  ten  or  twelve  feet  diameter^ 
provided  with  sails  to  expose  a  large  surface  to  the  wind,  being  at* 
tached  by  a  long  rope  to  a  boat,  would  outstrip  the  quickest  vesselt 
and  might  also  be  made  to  deviate  from  ihe  course  of  the  wmd  j  as 
the  water  would  form  a  count er-resi&ting  medium,  the  want  of  which 
in  air  balloons  occasions  the  riiflicully  in  steering  them.  A  sail-bal* 
loon  similar  to  the  above  might  also  be  advantageously  attached  to 
a  land  carriage ;  namely,  by  increasing  the  capacity  of  the  ballooD^ 
so  that  i's  power  of  ascension  being  nearly  equal  to  the  weight  of 
the  appended  carriage,  the  latter  would  be  drawn  along  by  the  im* 
pulsion  of  the  wind  against  the  balloon  and  sails,  while  the  friction 
over  the  ground,  by  the  small  overplus  weight,  may  be  reasonably 
expected  to  aflbrd  a  resistance  sufficient  to  guide  the  machine,  and 
allow  of  a  deviation  in  the  carriage  of  at  least  eight  points  iroro  the 
course  of  the  wind.  Indeed  the  uses  of  the  art  of  aerostation,  even 
in  iis  present  incomplete  state,  may  be  very  considerable.  Air 
balloons  may  serve  the  purpase  of  escaping  from  ships  that  cannot 
safely  land,  from'  besieged  phices,  and  from  other  circumstances  of 
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(hnger.     Tfae;  abo  ripedite  ibe  comtDaiucalioo  of  itnportui  f 
b;  Mpub,  iBd  tertc  for  exploring  ftooi  >  gn»t  rlenlioa  mdju 
teulf  ar  it^oatt  Areli  aod  anoiu.      Tbut,  ih«  Freacfa  awribe  ti 
tlw  eJerarioa  of  a  balluon,  aod  ib«  infuniiuliaD  oblaiord  ia  c 
qucnoe   of  \\t»t  rvcoumiUciin^  the   anii)'  of  tb«  mmhit,  tbe  i 
lidor;  ^inrd  tu  iIm-  burtle  uf  Fleurui,  id  I794     Balloonj  mav 
*i)«  wrtc  lo  etphMV  and  atceriaiD  tbe  naiure  of  lh«  air  ia  ibe  hi 
Ttgioo*  of  ibt  aiino^bcre.     One  of  the  liu»l  experimtDU  made  4W'fl 
tbupnial  filial  ofGay-Linmc;  who,  being  elevated  ma  balltton  b 
tWbcigbl  of <S900 metres (nearl)'  eight  inile«) tbe  grealcM  ever allaiiied  ] 
kr  aay  penen,   brougbl  some  ainioapljeric  air  from  those  ^ 
ahkb  on  being  ■lultsed,  «as  fouud  to  fumisb  ibe  principlei  of  1 
•I) gen,  axi'lr,  fa_Mirogeu,  and  curboiilc  add  ga,  in  tbe  »aiiic  propor*  | 
tioo)  af  al  the  surtiir«  of  Ibe  earili.     BallDons  would  alto  enable  ut  I 
lo  delrrminc  the  chanf^e*  in  tbe  direction  of  the  winds  at  difTereat 
altiltidca,  anit  the  law  of  ibe  dimiuulion  of  heal  at  difirrrnl  elevaa 
tioTO,       la  fact,  tbe  appllcaiion  of  these  macbities  lo  Ibe  advance^ 
nml  of  o')i  kirawlrdge  of  ibe  variolic  plisiiotnena  in  iiieleorology 
ilanda  i>TainiiMDt.    as  Ibe,  perbapi,  odIj'  means  of  maliiriiig  our 
ocquaiiilaoce  «ilb  eau&et  jct  kiio»ii  oiil}  by  their  effects.  Their  uie    ' 
wili  «l*o  be  rndicaled  i»  many  urgeot  caws  where  olber  means  of 
eoaveyaocc  might  fail  «horl.     At  the  same  lime  we  conclude  witb     ' 
KmaHitng,    that  i)ie  bitbetio  umuccewful  attempt*  to  tender  uerial 
MvigalHW  of  service  to  mankind,  ouglil  lo  turni^h  no  argument  fat     I 
dusinf  il  lo  be  discouraged  by  men  of  sense,  or  probibiled  by  civil 
Jwhorily.     Many  arts  and  sciences  from  ithicb  commercial  nations 
derive  to  much  benefit  were  long  in  rearing  lo  maturity,  and 
only  at  length  produced  for  tbe  public  good,  in  consequence  of 
|>tieDl  iutestigaltriii  and  reiterated  experiments; — Mucb  useful  in> 
ion  on  tbe  ibeoiy  and  practice  of  aerostation  may  be  oblniited 
hum  Baldwiirs  Acropaidia,  C.ivalto  on  Aerostation,  and  Description 
4u  Expeii«Bce*  Aerotlatiques,  pat  M.  Faujas  St.  Fond. 

l^Panlohgia, 
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SECTION    I. 

Introductory  Remarks. 

1  HB  term  gass  or  gas  (from  the  German  gheiii  or  spirit,  whence 
our  own  ghost,  ghoitli/y  aghast^  ghastly)  is  used  in  modern  che* 
mistry,  to  express  all  those  aerial  fluids,  whether  produced  hj 
chemical  experiments  or  evolved  in  natural  processes,  which  are 
not  condensible  by  the  cold  of  our  atmosphere,  and  which  differ 
from  atmospheric  air,  which  is  indeed  a  compound,  consisting  of 
three  distinct  gasses,  as  we  have  already  observed  in  a  former  part 
of  this  work. 

Of  these  fluids,  some  are  inflammable,  others  not.  Of  the  for. 
mer,  the  chief  are  hydrogen,  and  the  gass  emitted  from  phosphorus* 
It  is  possible,  however,  that  phosphorus  itself  is  a  compound  of 
hydrogen  and  oxygen,  with  a  peculiar  base,  and  consequently, 
that  hydrogen  is  the  inflammable  principle  in  this  instance* 
Be  this  as  it  may,  phosphorus,  concerning  which  we  shall  treat 
presently,  is  by  no  means  so  easily  procured  as  hydrogen,  and 
hence,  it  is  this  last  which  is  ordinarily  had  recourse  to,  in  pro* 
cesses  for  the  production  of  light  or  inflammation  from  gasseons 
substances. 

We  have  observed  in  the  preceding  chapter  on  AerostatioNj^ 
that  the  earlier  name  for  hydrogen  was  inflammable  air^  a  nama 
indeed  derived  from  this  very  principle  of  inflammability  ;  its  rao. 
dern  name  was  given  It  by  Lfavoisier,  from  its  being  found  to  be 
the  chief  constiturnt  part  or  principle  of  water,  which  is  now  well 
known  to  b«'  a  compound,  consisting  of  a  larger  portion  of  hydro* 
gen,  or  inflammable  air,  and  a  smaller  of  oxygen,  concerning  which 
our  readers  may  turn  to  the  chapter  on  the  constituent  principles 

of  WATER. 

Hydrogen  gass  enters  very  largely  into  all  animal,  most  vegeta- 
ble, and  a  great  variety  of  mineral  compositions.    It  hence  frt^ 
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qncnlly  (rt  al  libertj  bj  femiDUlianst  at  ipoatcDtoos  i 
Miioni,  U  tbrowii  forth  from  bogi  and  ounkci,  wken,  fra 
)]mrk  of  BXiinl  rtrctrk  Grt,  or  some  atbrf  acodenul  e»m»e,  il  it 
orttd  mat  bnnmg  unArr  thr  foim  of  fgmei  fatui,  or  silL^'Jke- 
wiiip*  ;  is  occ&!>kinAll}'  kiadlvij  b^  similar  uo* 
ttllic  mnwt,  wilk  ilreadful  «i.plo<M>ni  maii  nuscbirf,  of  wliick  «• 
ht*e  Kituil]'  X'ven  <tarioa*  pxamp|p»  in  tlK  pr«c«dinj  pari  of  Uia 
Kffrk ;  aod  it  collecbrd  at  liiuM  fran  sabiUnccs  (hat  possm  it  ia 
lir  lar$n*  abandancF,  for  purposes  of  EcoxoNicaL  iLLi-HiHaTiow, 
1(  i*  ■ndcr  (his  last  character  that  we  ar«  alone  (a  cootidn  it 
upon  the  pfttf-nt  oct-aiion.  At  Hi*-  genrnl  priaciplc  of  ii 
■iaiton»,allinllamniablr  bodies n^crtsaril/  coDtain  il  inagrcstcroff 
Utt  degm;  such  more  esprcia!!^  as  metals,  atkoboLs,  oils,  saA 
birimnis  or  coals  of  tirry  kind,  and  it  constKoies  (he  fiiu  blaeoff 
pBrN(  part  of  the  flame  emitted  from  a  candle  or  a  fire,  vhea 
BUidc  with  good  round  coal),  that  m«t(  inlo  pitch.  Of  these  dif- 
(Rvst  SMbctancvs,  loalir  or  bitumens  may  be  obtained  In  the  largest 
ibuidaare,  aitd  with  iLe  greatest  ease  ;  and  it  is  hence  by  a  di^ 
tUlUioo  of  these,  that  the  gass  is  usually  procured,  which  ii  em. 
ploftd  in  C*  ligltti.  The  means  by  which  this  is  accomplished, 
the  »zpenc#  attending  the  process,  and  the  great  advantage  of 
taring  rccourM  to  it  in  exleosire  mBDufacloriet,  or  other  places 
•her«  large  bodies  or  lengths  of  light  are  absolutely  necessary,  we 
abalt  now  proceed  to  explain  from  a  very  valuable  paper  com- 
Bntiicalrd  to  the  Koyal  Society,  by  the  ingenious  artist  aod  phi> 
lotopber,  who  may  justly  be  regarded  as  (he  inventor  of  the  prnc- 
lical  appBatioa  of  the  light  of  hydrogen  gass  to  useful  purposes. 
lEdilor. 

SECTION    It. 

dppli<9lion  of  tkt  Giui  fi  om  Coal  I o  ecunomical  Purpoits. 

By  Mr.  William  Mnrdocb. 

Tnc  facts  aod  retults  intended  to  be  comomnicaleil  in  this  pa- 
per, are  fognded  upon  observations  made,  during  the  present 
viflter,  at  the  cotton  manufactory  of  Messrs.  Piiilips  and  Lee  at 
HaDcJiaaler,  where  the  light  obtained  by  tlie  combustion  of  the 
fU*  tnm  coal  is  nsed  upon  a  very  large  scale ;  the  apparatus  for 
ta  pKidactton  and  application  having  been  prepared  by  rae  at  thu 
woTki  of  Meisrt.  Boulton,  Watt,  and  Co.  at  Soho. 
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Tbe  whole  of  the  rooms  of  this  cotton  mill,  which  is,  I  belieTe, 
the  most  extensive  in  the  united  kingdom,  as  well  as  its  counting* 
houses  and  store-rooms,  and  the  adjacent  dwelling-houses  of  Mr. 
Lee,  are  lighted  with  the  gass  from  coal.  The  total  quantity  of 
light  used  during  the  hours  of  burning,  has  been  ascertained,  hf 
a  comparison  of  shadows,  to  be  about  equal  to  the  lights  which 
2iHX)  mould  candles  of  six  to  the  pound  would  give ;  each  of  the 
candles,  with  which  the  comparison  was  made  consuming  at  the 
rate  of  4-lOths  of  an  ounce  (175  grains)  of  tallow  per  hour. 

The  quantity  of  light  is  necessarily  liable  to  some  variation^ 
from  the  difficulty  of  adjusting  all  the  flames,  so  as  to  be  perfectly 
equal  at  all  times  ;  but  the  admirable  precision  and  exactness  with 
which  the  business  of  this  mill  is  conducted,  afforded  as  excellent  an 
opportunity  of  making  the  comparative  trials  I  had  in  view,  as  h 
perhaps  likely  to  be  ever  obtained  in  general  practice.  And  tha 
experiments  being  made  upon  so  large  a  scale,  and  for  a  consider* 
able  portion  of  time,  may,  1  think,  be  assumed  as  a  sufficiently 
accurate  standard  for  d(  termining  the  advantages  to  be  expected 
from  the  use  of  the  gass  lights  under  favourable  circumstances. 

It  is  not  my  intention,  in  the  present  paper,  to  enter  into  a 
particular  description  of  the  apparatus  employed  for  producing 
the  gas  ;  but  I  may  observe  generally,  that  the  coal  is  distilled  in 
large  iron  retorts,  which  during  the  winter  season  are  kept  con* 
stantly  at  work,  except  during  the  intervals  of  charging ;  and  that 
the  gass,  as  it  rises  from  them,  is  conveyed  by  iron  pipes  into  large 
reservoirs,  or  gazometers,  where  it  is  washed  and  purified,  pre* 
vious  to  its  being  conveyed  through  other  pipes,  called  mains,  to 
the  mill.  These  mains  branch  off  into  a  variety  of  ramifications 
(forming  a  total  length  of  several  miles),  and  diminish  in  size,  as 
the  quantity  of  gass  required  to  be  passed  through  them  becomes 
less*  The  burners,  where  the  gass  is  consumed,  are  connected 
with  the  above  mains,  by  short  tubes,  each  of  which  is  furnbbed 
with  a  cock  to  regulate  the  admission  of  gass  to  each  burner,  and 
to  shut  it  totally  off  when  requisite.  This  latter  operation  may 
likewise  be  instantaneously  performed,  throughout  the  whole  of 
the  burners  in  each  room,  by  turning  a  cock,  with  which  each 
main  is  provided,  near  its  entrance  into  the  room. 

The  burners  are  of  two  kinds  :    the  one  u  upon  the  principle 
ef  the  Argand  lamp,  and  resembles  it  in  appearance ;  the  other  is 
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a  nsall  onred  twht  wkk  m  nwww'il  9mL,  kmmmf  fiuui  chcolir  iqwr* 
tvm  <>r  prrfontioas.  o#  akost  •  Uiiitirfh  «f  aa  iacli  in  diaiBBlq, 
one  at  tbepoial  of  tke  cow,  mmd  tv«  latmd  iiw^,  tbnmgk  wtiA 
tW  cass  iiif  i,  ivrmim^  tkire  Avtxni  jc«i  af  iaaws,  avnewiBt 
like  a  flear.Je.lis.  1  ht  ikapt  aad  |>f«cnl  ^lyeaiaaua  af  tlHi 
tabe,  bat  procured  it  asoag  tW  varkHMB,  ti«  aaae  of  Ike 
spar  borstT. 

Tlie  Damber  of  bomcrs  €»plaf»d  ia  all  tbe  bsQiSBitB, 
(0  971  Argands,  aad  613  rock^Mis;  eacb  of  tbe  fonaer  giriiy 
ilighc  eqoal  to  tbat  of  iomr  candlt^  of  tbe  dt^cnptkm  abort* 
BeDti«Hied  ;  and  eacb  of  ike  'alter,  a  li^t  eqoal  lo  tvoaadaqnar. 
tfr  of  Ih*  ^aaM-  candles ;  ■Hikiag  tberrlbre  tbe  total  of  tbef|;aff 
Kfrbt  a  tittW-  Biore  tbao  eqoal  force  to  tbat  of  9300  caadlet  Wbea 
thai  fepeahted,  tbe  wbole  cf  tbe  aboie  banien  reqaire  an 
Aaar/jf  i^apply  of  1^*50  c«bic  feet  of  tbe  ga»  prodooad  fnm  ra— rl 
coal ;  tbe  superior  q[Oilit»  and  qaantit}-  uf  tbe  gaai  prodaoad  fraai 
Ibit  auterial  baviag  p^rn  it  a  decided  prderasoe  ia  tbb 
•ter  every  otber  eaal,  DOt«itbstaiidiBc  its  bigber  price. 

Tbe  tioie  daring  vbicb  tbe  gaai  li^bt  Is  ased,  any,  opoa  an 
rage  of  tbe  wbole  year,  be  stated  at  least  tvo  bovn  per  day  a# 
tw^nti  .foar  boors.  Id  so«e  Bills,  wbeie  tbere  is  over  vorlL,  it 
vill  be  Ibree  bcHirs  ;  and  in  tbe  {^w  wbere  iiigbt.vork  is  still  eon- 
tinaed,  nearly  twelve  boars.  Bat  taking  two  bcNirs  per  tlay  as 
the  ooaiBon  average  tbroogboat  tke  >ear,  tbe  consaiaptioo  in 
Messrs.  Pbilips'  and  Lee*s  mill,  will  be  1260  X  9  =  2500  cabic 
f«ct  of  fjsasi  p^r  da%  :  to  prodooe  wbick,  seven  bendred  weijrbt  of 
caanel  coal  is  required  In  tbe  retort  Tbe  price  of  tbe  best  Wigan 
caonel  (tbe  sort  osed)  is  15|d.  per  cwt.  (92s.  per  ton),  deliveted 
tttbe  mill,  or  say  aboat  ei§bt  sUlliogs  for  tbe  seven  bandied 
weight.  Multiplying  by  tbe  nomber  of  workiiig  tbys  in  tbe  year 
(313),  tbe  anaaal  coosnaiptuNi  of  cannel  coal  will  be  110  tans,  aad 
Hicostj£l25. 

Aboat  one.tbifd  cf  tbe  above  qoantity,  or  say  forty  toas  of 
good  coHuaon  coal,  vahte  ten  shillings  per  ton,  is  rcqaired  lor 
fuel  to  beat  tbe  retorts  ;  tbe  annnal  amoaat  of  wbicb  is  j^20. 

Tbe  110  tons  af  caaael  coal  when  dktilled,  prodnce  abont  70 
tons  of  good  coak,  which  b  sold  npon  tbe  tpot  at  Is.  4d.  ptr  cnt. 
■ad  will  tberefofe  anonnt  annnaHy  to  tbe  snai  of  jf  t(3« 

The  qnantity  of  far  prodaced  froa  eacb  ton  of  eanod  eoaj 
/ran  cfefM  to  twidfo  alofsUoM,  ■akinf  n  teM 
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of  about  12S0  ale  gallons,  which  not  having  been  yet  sold,  I  can« 
not  determine  its  Talue ;  but  whenever  it  comes  to  be  manufactured 
ia  large  quantities,  it  cannot  be  such  as  materially  to  influenoe 
the  economical  statement,  unless  indeed  new  applications  of  it 
should  be  discovered* 

The  quantity  of  aqoeus  fluid  which  came  over  in  the  course  of 
the  observations  which  1  am  now  giving  an  account  of,  was  not  ez» 
actly  ascertained,  from  some  springs  having  got  into  the  reservoir  ; 
and  as  it  has  not  been  yet  applied  to  any  useful  purpose,  I  maj 
omit  farther  notice  of  it  in  this  statement. 

The  tnterrst  of  the  capital  expended  in  the  necessary  apparatus 
and  buildings,  together  with  what  is  considered  as  an  ample  allow* 
ance  for  wear  and  tear,  is  stated  by  Mr.  I^e  at  about  j£560.  per 
annum :  in  which  some  allowance  is  made  for  this  apparatus  being 
made  upon  a  scale  adequate  to  the  supply  of  a  still  greater  quan* 
tity  of  light,  than  he  has  occasion  to  make  use  of. 

He  is  of  opinion,  that  the  cost  of  attendance  upon  candles 
would  be  as  much,  if  not  more,  than  upon  the  gass  apparatus ;  so 
that  in  forming  the  comparison,  nothing  need  be  stated  upon  that 
score,  on  either  side. 

The  economical  statement  for  one  vear  then  stands  thus : 

* 

Cost  of  1 10  tons  of  cannel  coal  •  j^.  125 

Ditto  of  40  tons  of  common  ditto  •  20 
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Deduct  the  Talue  of  70  tons  of  coak  •  93 

.  The  annual  expenditure  in  coal,  after  deducting  the 
value  of  the  coak,  and  without  allowing  any  thing 
for  the  tar,  is  therefore  •  •  52 

And  the  interest  of  capital,  and  wear  and  tear  of 
apparatus  .  •  •  .  550 

making  the  total  expense  of  the  gass  apparatus  about  jB»  600  per 
annum. 

That  of  candles,  to  give  the  same  light,  wonld  be  about  j^.2000r 
For  each  candle  consuming  at  the  rate  of  4.10ths  of  an  ounce  of 
tallow  per  hour,  the  2500  candles  burning,  upon  an  average  of 
the  year,  two  hours  per  day,  would,  at  one  shilling  per  pound^ 
the  present  price,  amount  to  nearly  the  sum  of  money  above* 
mintionid. 

If  the  comparison  were  made  upon  an  average  of  three  horns 
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ptr  daj,  tiie  tdTintage  would  be  still  mora  in  liifovr  of  ih&  gu$ 
light ;  the  interest  of  the  capital,  and  wear  and  tear  of  the  appt. 
ratoty  oootinoing  nearly  the  same  as  in  the  former  case ;  thus, 

1250X3=3750  cubic  feet  of  gass  per  daj,  which  would  bo 
prodnced  by  10|cwt.  of  cannel  coah ;  this  mvltiplied  by  the  nnm. 
her  of  working  days,  gires  168  tons  per  annum,  which,  valued 
as  before,  amounts  to  .  jf  •  188 

And  00  tons  common  coal,  for  burning  under  the 
retorts,  will  amount  to  •  •  30 

218 
Dedact  105  tons  of  coak,  at  26 «.  Sd.  •  140 

fjeaying  the  expenditure  in  coal,  after  deduction  of 
the  coak,  and  without  allowance  for  the  tar,  at       78 
Adding  to  which  the  interest,  and  wear  and  tear  of  apparatus,  as 
before,  the  total  annual  cost  will  not  be  more  than  j£.  660 ;  whilst 
that  of  tallow,  rated  as  before,  will  be  j^.  3000. 

It  will  readily  occur,  that  the  greater  number  of  hours  the  gass 
b  burnt,  the  greater  will  be  its  comparatire  economy  ;  although^ 
in  extending  it  beyond  three  hours,  an  increase  of  some  parti  of 
the  apparatus  would  be  necessary. 

If  the  economical  comparison  were  made  with  oils,  the  adraiu 
Uges  would  be  less  than  with  tallow. 

The  introduction  of  this  species  of  light,  into  the  establishment 
of  Messrs*  Philips  and  Lee,  has  been  gradual ;  beginning  in  the 
year  1805,  with  two  rooms  of  the  mill,  the  counting.housfs,  and 
Mr.  Lee's  dwelling-house.  After  which  it  was  extended  through 
the  whole  manufactory,  as  expeditiously  as  the  apparatus  could  be 
prepared. 

At  first  some  inconyenience  was  experienced  from  the  smell  ot 
the  nnconsumed,  or  imperfectly  purified  gas,  which  may  in  a  great 
measure  be  attributed  to  the  introduction  of  succetfcive  improfe* 
ments  in  the  construction  of  the  apparatus,  as  the  work  proctfwd«'d« 
But  since  iU  completion,  and  since  the  persons  to  whose  rar«?  it  1$ 
confided,  bare  become  familiar  with  its  manag^'DK-oS  this  Imc^Om 
vcnience  has  been  obriated,  not  only  in  the  mill,  but  alto  ia  Mf^ 
Let's  house,  which  is  most  brilliantly  iHaminated  with  K,  to  ite 
exclusion  of  erery  other  species  of  artificial  light. 

The  peculiar  softneu  and  deaness  of  this  Itfht,  witt  tU 
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uoTirjiog  hiteoBitj,  have  brought  it  into  great  fiTOor  with  thm 
work.people.  AdcI  its  being  free  from  the  loconTenience  and 
danger  resulting  from  the  sparks  and  freqa^^nt  snutling  of  candles, 
is  a  circumstance  of  material  importance,  as  tf^nding  to  diminish 
the  hazard  of  6re,  to  which  cotton  mills  are  known  to  be  much 
exposed. 

The  above  particulars,  it  is  conceived,  contain  such  information 
as  may  tend  to  illostrate  the  general  advantages  attending  the  use 
of  the  gass  light ;  but  nevertheless  the  Royal  Society  may  perhaps 
not  deem  it  uninteresting  to  be  apprized  of  the  circumstances 
which  originally  gave  rise  in  my  mind  to  its  application,  as  an 
economical  substitute  for  oils  and  tallow. 

It  is  now  nearly  sixteen  years  since,  in  a  course  of  experiments 
I  was  making  at  Redruth,  in  Cornwall,  upon  the  quantities  and 
qualities  of  the  gasses  produced  by  distillation,  from  diflferent 
mineral  and  vegetable  substances,  I  was  induced,  by  some  obser* 
vations  I  had  previously  made  upon  the  burning  of  coal,  to  try 
the  combustible  property  of  the  gasses  produced  from  it,  as  well 
as  from  peat,  wood,  and  other  inflammable  substances.  And 
being  struck  with  the  great  quantities  of  gass  which  they  afforded, 
as  well  as  with  the  brilliancy  of  the  light,  and  the  facility  of  its 
production,  I  instituted  several  experiments,  with  a  view  of  ascer- 
taining the  cost  at  which  it  might  be  obtained,  compared  with  that 
of  equal  quantities  of  light  yielded  by  oils  aud  tallow. 

My  apparatus  consisted  of  an  iron  retort,  with  tinned  copper 
and  iron  tubes,  through  which  the  gass  was  conducted  to  a  consider* 
able  distance ;  and  there,  as  well  as  at  intermediate  points,  was 
burned  through  apertures  of  varied  forms  and  dimensions.  The 
experiments  were  made  upon  coal  of  different  qualities,  which  I 
procured  from  distant  parts  of  the  kingdom,  for  the  purpose  of 
asceriaining  which  would  give  the  most  economical  results.  The 
gass  was  also  washed  with  water,  and  other  means  were  employed 
to  purify  it. 

In  the  year  1708  I  removed  from  Cornwall  to  Messrs.  Boulton, 
Watt,  and  Co's.  works  for  the  manufactory  of  steam  engines,  at 
the  Sobo  foundry,  and  there  I  constructed  an  apparatus,  UiX>n  a 
larger  scale^  which,  during  many  successive  nights,  was  applied  to 
the  lighting  of  their  principal  building :  and  various  new  methods 
ware  practised,  of  washing  and  purifying  the  gass. 

TiMsa  axperiflnants  wera  continaed,  with  some  interruptions, 
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QBtil  dM  Pctce  of  1802,  wbeo  a  pablic  &^J  •f  Ais  l%ht  wsm 
made  bjr  me,  in  the  illomiiiatioa  of  Mr.  Bonlton's  mamKbetory^ 
at  Soho,  upon  that  occasioo. 

Since  that  period  I  haye,  and*- r  tl.e  sanctton  of  Mcsrs.  BooUdo, 
Watt,  and  Co.,  extended  the  apparatus  at  Soho  foaodrj,  to  as 
to  gtTe  light  to  all  the  principal  shops,  where  it  is  is  regalar  mse, 
to  the  eidosion  of  other  arti6cial  light ;  bat  I  have  preferred 
firing  the  results  from  Messrs.  Philips'  and  Lee*8  apparatus,  both 
on  account  of  its  greater  extent,  and  the  greater  uniformitj  of  the 
lights,  which  rendered  the  comparison  with  candles  less  dilicolt. 

At  the  same  time  I  commenced  my  experiments,  I  was  certaialj 
laacquainted  with  the  circumstance  of  the  gass  from  coal  hariag 
been  obserred  by  others  to  be  capable  of  combustion ;  hot  I  aat 
rinee  informed,  that  the  current  of  gass  escaping  from  Lord  Dub. 
donald's  tar  o? ens  had  been  frequently  fired ;  and  I  find  that  Dr. 
Clayton,  in  a  paper  in  Tolnme  xli.,  of  the  Transactions  of  the 
Royal  Society,  so  long  ago  as  the  year  1739,  gare  an  account  of 
some  obserfations  and  experiments  made  by  him,  which  clearly 
mamfest  hb  knowledge  of  the  inflammable  property  of  the  gam, 
which  ht  denominates  ^^  the  spirit  of  coals;*'  but  the  idea  of 
•pplying  it  MM  an  economical  substitute  for  oik  and  tallow,  does 
not  appear  to  hare  occurred  to  this  gentleoian ;  and  I  beliere  I 
may,  without  presuming  too  much,  claim  both  the  first  idea  of 
applying,  and  the  first  actual  application  of  this  gass  to  economical 
purposes.  [P&<7.  Trans.  1 808. 


CHAP.  VI. 

PHOSPHORUS  OP  KUNCKEL  *. 


Phosphoric  Bottles  and  Matches. 

Ihosphobvs  is  well  known  to  be  a  peculiar  substance  capable  of 
iaflaming  or  emittiag  a  luminous  aura,  when  exposed  to  the  air  of 
the  atmo^here  in  a  common  temperature,  and  hence  the  basis 
of  those  cnrions  sticks,  matches,  and  bottles,  which  hare  of  late 


*  For  other  kladi  of  pA«9Asn»»  SCO  the  eaiaiBgch.viL 
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years  b«en  derised  for  g'mng  light  instantly  and  spontaneously^^  as 
soon  as  they  are  ancorered  and  come  in  contact  with  the  air. 

This  has  hitherto  been  regarded  as  a  simple  combustible,  and 
mnft  be  so  regarded  at  present ;  though  rarious  experiments  with 
Tery  high  degrees  of  foltaic  electricity  appear  to  have  detected  thai 
it  b  a  compound,  possessing  hydrogen  and  oxygen  with  a  peculiar 
base*  In  consistence  it  resembles  wax ;  when  pure  it  is  nearly  of 
the  transparency  of  gum  opal,  of  a  colour  varying  from  amber  red 
to  the  faintest  straw,  highly  combustible,  and  when  oxygenated 
producing  a  strong  and  peculiar  acid* 

It  was  discovered  by  a  German  chemist  of  the  name  of  Brandt, 
about  a  hundred  and  fifty  years  ago,  and  the  preparation  was  long 
kept  a  lucrative  secret  in  the  hands  of  a  few  persons.  It  vras  fclow* 
ever  well  known,  from  various  facts  that  had  escaped,  that  it  was 
procured  in  some  way  or  other  from  human  urine ;  and  it  has  at 
length  been  found  that  it  is  in  consequence  of  this  substance  con* 
taining  a  peculiar  salt,  hence  denominated  phosphoric  salt  (a  mix. 
ture  of  phosphorus  and  oxygen),  that  phosphorus  can  be  procured 
from  it;  as  it  has  also  that  it  can  in  like  manner  be  procured  from 
any  other  animal  substance  impregnated  with  the  same  material ; 
and  consequently  from  the  bones  and  crustaceous  integuments  of 
animals,  in  which  it  exists  in  a  larger  abundance,  and  which  are 
now  therefore  usually  employed  for  this  purpose. 

One  of  the  earliest  chemists,  next  to  Brandt,  who  devoted  his  at. 
tentlon  in  a  very  considerable  degree  towards  obtaining  this  com. 
bustible  was  Kunckel.  This  chemist  had  seen  the  new  product 
soon  after  its  di>covery  by  Brandt ;  and  strongly  desirous  of  pos« 
sessing  the  secret,  he  associated  himself  with  a  friend  of  Brandt's, 
whose  name  was  Krafft,  through  whom  he  made  an  offer  to  purcliase 
the  discovery  of  its  inventor.  Brandt  consented  to  disclose  it ; 
but  Rrafft,  instead  of  benefiting  his  colleague  by  the  communica. 
tion,  paid  the  money,  and  retained  the  secret  to  himself. 

Kunckel  at  this  time  knew  nothing  more  of  the  preparation  than 
that  it  was  obtained  by  a  series  of  processes  from  urine,  through  tkv 
medium  of  fire :  and  with  this  brief  and  nnsatlsfactofy  outline  ht 
set  to  work,  and  was  at  length  fortunate  enough  to  discoter  the 
method  for  lumself ;  on  which  account  the  substance  long  went  un* 
der  the  name  of  Kunckel's  phosphorus.  Mr.  Boyle  Is  also  consi- 
dered as  one  of  the  discoverers  of  phosphorus.  He  communicated 
the  secret  of  the  process  of  preparing  it  to  the  Royal  ^Ittj  of 
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io  lOSO.  It  is  asserted,  indeed,  by  KrafTt,  that  be  disco- 
the  »ecr«t  to  Mr.  Boy\e  having  in  Ihe  jcar  1078,  carried  a 
piece  of  it  to  London  to  show  it  to  Ihe  TO>nt  family  ;  but 
i*lil(leprub»bitity  (hat  a  man  of  such  inlfgrity  as  Mr.  Boyle 
'WmIiI  claim  the  discovi-ry  of  the  process  as  his  ainit  and  commo- 
nicate  it  to  the  Royal  Society,  if  (his  had  not  been  (he  case.  Mr. 
BoyU  communicnU-d  ihe  process  (a  Godfrey  llaiikiritz,  an  apo. 
Ihccary  of  London,  who  for  many  years  supplied  Europe  tritb 
jAoiphorul,  and  h«nce  it  went  under  Ihe  nAme  of  English  phospho- 
jiv.  Id  the  year  1774,  the  Swedisih  chemists,  Gahn  and  Scheeie, 
\dv  the  important  discovery,  (hat  phosphorus  is  contained  in  bono 
■nimali,  and  they  improred  the  processes  for  procuring  it. 
The  most  conTenient  process  for  obtaining  phosphorus  seems  to 
W  that  recotnmeDded  by  Fourcroy  and  Vauquclin,  which  we  shall 
Inuscribe.  Take  a  quantity  of  burnt  bones,  and  reduce  them  to 
powder.  Put  100  parts  uf  this  powder  IDlo  a  porcelaia  or  stone. 
Inre  bason,  and  dilnte  it  with  four  times  its  weight  of  water. 
Jrnrly  parts  ofsnlphnricacid  are  then  to  beaUdeil  in  small  portionSj 
liking  care  to  tlir  the  miilitre  afli-r  the  addition  of  every  portion. 
L  liolenl  eft^rresceDce  Inkcs  place,  and  a  great  quanlily  of  sir  if 
hengM^ed.  Let  (he  mixture  remain  for  twenty. four  hours,  slir. 
Irk  U  occasionally,  to  ei^OM!  every  part  uf  thv  powder  to  the 
[ion  of  the  acid.  The  burnt  bones  consist  of  the  phosphoric  aiid 
limp ;  bnt  Ibe  sulphuric  acid  has  a  j^ri'ater  nffinity  for  Ihe  lima 
ID  the  phosphoric  acid.  The  action  uf  the  sulphurii;  acid  uniting 
lb  (be  lime,  and  the  sepaialion  of  the  yhosphorii:  acid,  occasioa 
t  efferteicence.  The  sulphuric  arid  and  the  lime  conil)ine  tojiei 
rT]  being  ictsoluble,  and  fall  to  Ihe  bollom.  Pour  the  whule  niix- 
re  on  a  cloth  CUer,  so  tliat  the  liquid  part,  which  is  to  be  received 
■  porcelain  vessel,  may  pass  through.  A  white  powder,  which 
ll  the  insoluble  ealphate  of  lime,  remains  on  the  filirr.  Af^er  ihii 
lasbtvn  rrpeatcdly  waiihcd  with  water,  it  may  be  thrown  away  ; 
^Ot  (he  water  H  to  be  added  to  that  |mrt  of  the  liquid  which  passed 
fliroogh  the  filter.  Take  a  solution  of  su^ar  of  1.  a.i  in  water,  and 
poor  it  gradually  Into  the  liquid  in  Ihe  porceUin  liauin.  A  whlta 
pewtfer  falls  to  tbe  bottom,  and  the  augar  of  liad  mu->t  be  added  so 
loBj  ai  any  precipitation  dikes  place.  The  whole  is  a^ain  tu  ha 
potmd  apon  a  filler,  nod  th>.'  uhite  powder  which  remains  is  to  ba 
Well  wuhiTi)  and  dried.  The  dried  powdt-r  is  then  lo  be  miked 
f~     with  oaai-iistb  of  It*  weight  of  charcoal  powder.     Put  this  mUtura 
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into  an  eartlieaWsre  retort,  and  place  it  in  t  sand  bath,  wttb  fbe 
beak  plunged  into  a  ressel  of  water.  Apply  heat,  and  let  it  ba 
gradually  increased,  till  the  retort  becomes  red.hot.  As  the  heat 
increases,  air.bubbles  rush  in  abundance  through  the  beak  of  the 
retort,  some  of  which  are  inflamed  when  they  come  in  contact  witb 
the  air  at  the  surface  of  the  water.  A  substance  at  last  drops  out 
similar  to  melted  wax,  which  congeals  under  the  water.  This  is 
phosphorus.  To  haTe  it  quite  pure,  melt  it  in  warm  wat<>r,  and 
strain  it  sereral  times  through  a  piece  of  shamoy  leather  under  the 
surface  of  the  water.  To  mould  it  into  sticks,  take  a  glass  fonnel 
with  a  long  tube,  which  must  be  stopped  with  a  cork.  Fill  it  with 
water,  and  put  the  phosphorus  into  it.  Immerse  the  funnel  io 
boiling  water,  and  when  the  phosphorus  is  melted,  and  flows  into 
the  tube  of  the  funnel,  then  plunge  it  into  cold  water,  and  when  the 
phosphorus  has  become  solid,  remore  the  cork,  and  push  the  phot* 
phorus  from  the  mould  with  a  piece  of  wood.  Thus  prepared,  it 
must  be  preserved  in  close  ressels,  containing  pure  water.  When 
phosphorus  is  perfectly  pure,  it  is  semi-transparent,  and  has  the 
consistence  of  wax.  It  is  so  soft,  that  it  may  be  cut  with  a  knife, 
its  specific  grarity  is  from  1.77  to  2.03.  It  has  an  acrid  and  dis* 
agreeable  taste,  and  a  peculiar  smell,  somewhat  resembling  garlic. 
When  a  stick  of  phosphorus  is  broken,  it  exhibits  some  appear* 
ance  of  crystallization.  The  crystals  are  needle  shaped,  or  long 
octahedrons ;  but  to  obtain  them  in  their  most  perfect  state,  the 
surface  of  the  phosphorus,  just  when  it  becomes  solid,  should  bo 
pierced,  that  the  internal  liquid  phosphorus  may  flow  out,  and 
leare  a  cavity  for  their  formation.  When  phosphorus  is  exposed  to 
the  light  it  becomes  of  a  reddish  colour,  which  appears  to  be  an  ind* 
pient  combustion.  It  is  therefore  necessary  to  preserve  it  in  a  dark 
place.  At  the  temperature  of  00^  it  becomes  liquid,  and  if  air  be 
entirely  excluded,  evaporates  at  219%  and  boils  at  664.  At  tilt 
temperature  of  43^  or  44%  it  gives  out  a  white  smoke,  and  is  lumU 
nous  in  the  dark.  This  is  a  slow  combustion  of  the  phospbomSi 
which  becomes  more  rapid  as  the  temperature  is  raised.  When 
phosphorus  is  heated  to  the  temperature  of  148^  it  takes  fire^  burns 
with  a  bright  flame,  and  gives  out  a  great  quantity  of  white  smoke. 
Phosphorus  enters  into  a  combination  with  oxygen,  axote,  hydro* 
gen,  and  carbon.  Phosphorus  is  soluble  in  oils,  and  when  thus 
dissolved  forms  what  has  been  called  liquid  phosphorus,  which  nay 
bf  rubbed  on  die  face  and  hands  withoat  injury.    It  dissolves  too 
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In  tttwr,  atui  a  jery  beautiful  experiment  cousisli  la  pouring  thfa 

phoipbnric  ether  in  small  portions,  and  in  a  dark  place, oil  the  surface 

pf  boE  vater.     The  phojpboric  matches  consist  of  pliosphorus  ex.    | 

4Trmr\j  dry,   miout^ty  dividrd,   briI   pprliaps  a  little  oxygenized. 

Th«  •iotplrst  mode  of  making  (hem  is  lo   put  a  lit[le  phosphorul, 

it'wi  by  blolting  papT,    into  a  small  phial  ;   beat   (he   phial,  and 

wbea  tbp  phosphorus  is  melted  turn  it  round,  so  that  the  phosphom 

^0mf  adherr  to  the   sides.     Cork,  the  pliial  cloself,  and   it   i.s  pre- 

irtff.     On  putting  a  common  sulphur  match  into  the  bottle,  and 

irring  it  aboat,  the  pho<phurus  will  adhere  to  the  match,  and  niH 

ikr  fire  when  brought  out  into  (he  air. 

The  nhile  smoke  given  forth  by  phosphorus  when  exposed  to  « 

'heat  of  I  IS",  appears  when  collected  and  examined  (o  he  au  acid 

peculiar  kind,  and  i(  i>  this  which  is  now  denominated  phos. 

IPanloiogia.  AikMs  Chtm.  Did. 


CHAP.  vri. 

rHKUUATIC,  OR  TOUCHWOOD,  TtHDEB<BOX. 


HIS  fs  a  most  nteful,  simple,  yet  cariouis  machine,  altogether  of 
>d«f  n  imentioD,  bearing  a  near  analogy  to  the  phosphoric  matcbei 
p9  ha*e  described  in  the  preceding  chapter ;  and  which  may  con* 
tfltatiy  be  employed  for  the  same  purposes. 
ToccHwooD  is  the  common,  and  we  may  say  generic,  name, 
*en  to  a  tariety  of  substances  Ihal  easily  lake  fire,  as  rotten. 
'Ood  and  agaric,  some  of  which  occasionally  emit  spontaneona 
ght  in  the  dark. 

The  mMt  iofiammable  touehwoods  we  are  acquainted  with  are 

liferent  *pecies  of  the  fungus  called  Boietus,  such  as  B.  igoi. 

■rius,   toocbwood-spuuk,   and  B,  pini   Urtcis,   agaric:   and  a  very 

irioos  fact  has  been  lately  discovered  by  the  French  chemists, 

oontequence  of  this  combustibility,  which  may  lead  1 

and  important  purposes :  it  is,  that  if  a  column  of  the  flesh  of 

of  the  ftbore  species  of  boletus  (spunk  or  touchwood)  be  in- 

blo  a  •yT'"8^»  •"^  pressed  upon  by  iU  coramon  piston, 
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closing  with  great  accunicj,  it  will  catch  fire  from  the  mere  coaf« 
pression  of  the  colama  of  air  forced  down  upon  it,  and  form  a 
most  conrenient  and  ready  tinder.box. 

These  machines,  under  the  name  of  pneumatic,  spunk,  or  touch, 
wood.tinder-boxes  are  now  common  in  France  ;  and  their  origin, 
principle,  and  construction,  bare  been  so  fully  infestigated  and 
explained  by  M.  Le  BooTier  Desmortiers,  in  vol.  Ixvii.  of  the 
Journal  de  Physique,  thaU  we  feel  it  our  duty  to  copy  at  some 
length  the  paper  for  the  information  of  our  readers. 

^^  The  inflammation  of  spunk  in  the  pneumatic  tinder.boz,  by 
the  compression  of  air  alone,  is  a  phasnomenouj  with  which  chance, 
the  father  of  discovery,  has  lately  enriched  natural  philosophy. 
Many  have  reasoned  on  its  cause;  which  some  consider  to  be 
caloric,  others  electricity ;  but  no  one,  that  I  know  of,  has  at* 
tempted  to  support  his  opinion  by  experiments.  Without  bias  of 
any  ypothesis,  I  have  made  some  researches  on  the  construction 
and  effects  of  the  pneumatic  tinder-box,  the  results  of  which  shall 
be  the  subject  of  the  present  paper.  In  the  first  place,  I  shall 
consider  what  relates  to  the  structure  of  the  instrument ;  in  the 
second,  I  shall  give  an  account  of  the  experiments  that  tend  to 
the  discovery  of  the  cause  of  its  effects. 

^<  I.  The  first  construction  of  these  tinder-boxes  was  a  little 
faulty  in  the  piston  being  commonly  eighteen  or  twenty  lines  long* 
This  was  said  to  be  necessary,  that  the  air  might  not  escape  wheo 
the  piston  was  in  action ;  for  if  there  were  any  point  not  acca* 
rately  fitted  to  the  inside  of  the  tube,  the  air  escapes,  and  the 
spunk  does  not  kindle. 

<^  The  goodness  of  the  instrument  does  not  depend  on  the  length 
of  the  piston,  but  on  the  accuracy  with  which  it  fills  the  bore  of 
the  tube;  with  a  tube  well  bored  and  a  piston  of  six  lines,  the  air 
will  no  more  past  than  with  a  piston  of  twenty.  Accordingly,  for 
a  tube  of  six  inches  I  have  reduced  the  piston  to  six  lines,  which 
adds  an  inch  to  the  column  of  air,  and  diminishes  the  friction  two- 
thirds,  so  that  the  effect  of  the  tinder.box  is  more  certain,  and  if 
more  easily  used.  With  a  little  dexterity  you  may  kindle  the 
spunk  by  holding  the  tube  in  one  hand  and  pushing  the  piston  with 
the  other,  without  beinx  obliged  to  rest  it  on  a  table,  or  any  other 
solid  body.  Mr.  Dumotiez,  a  skilful  maker  of  philosophical  is. 
f  truments,  is  so  fully  convinced  of  the  adrantage  of  short  pistOBS^ 
that  he  now  makes  them  of  these  dimensioui. 
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"  Tbfj'  thaalil  be  employed  also  ia  the  syringes  of  air-guns,  of 
(onnt&iD*  acting  hy  compresseil  air,  ot  the  apparatus  for  artificial 
nln«r«l  waters,  of  Rre.en^incs,  which  are  worked  with  i 
bboor,  and  eten  of  air-pumps.  As  ihe  shoTtenini;  the  piston  h 
aa  adraulage  to  the  pump,  we  obtain  a  grtaler  eff«ct  with  lesi 
kbotir,  and  in  a  shorter  lime,  than  wiib  loog  pistons. 

"  It  i)  essential  too,  lliat  the  inilroment  does  not  Ii-ak  at  (he. 
JMTt  wh^re  th*  f^poak  is  placed,  because  there  the  transient  action 
«f  inRaoioution  lakps  plac,  and  a.  slight  emis^ioti  of  air  would 
pnteni  Ihe  effect,  but  Ibis  etTcct  is  produced,  though  the  piston 
ices  saSer  tbc  air  in  the  lube  to  pass  it.  To  satisfy  myself  of  this, 
I  BiAdc  the  following  experiment,  at  which  ibey  who  have  seen  it 
werr  grratJy  sarprisei]. 

"  In  l&e  Irngth  of  the  piston  I  made  a  groore  a  quarter  of  a 
Hme  broad.  The  spank  took  lire  as  before.  Three  other  grooves 
»nv  Mlded  successively  opposite  one  another,  so  as  to  diiidt  the 
piston  into  four  equal  parts;  and  still  the  spunk  took  fire.  Wbea 
e  gittoTvil  piston  is  moved  backwards  and  forwards  in  the  lube^ 
m  air  may  iie  hvatd  entering  or  issuing  out :  and  the  friction  is  lo 
flight,  that  lh«  efTect  of  the  instrument  is  easily  obtained  by  push. 
iB£  it  with  (he  hand.  This  kind  of  piston  would  be  preferable  to 
flosc  iLat  fit  accurately,  if  a  solid  substance  were  employed,  hard 
tBDUgtt  to  resist  the  continual  rriction  of  (be  air  passing  through 
•  erootrs,  if  I  may  be  allowed  the  expression.  The  grooves  iq 
iNtker  pistons  soon  alter  their  shape,  and  spread  lo  as  to  aUoir 
lAeair  to  pats  in  too  large  quantity. 

"  Tbe  palon  with  four  grooves  acting  very  well,  I  made  on* 
single  groove,  of  dimensions  equal  to  the  other  four,  a&d 
at  I  foresaw  actually  tooli  place:  there  was  no  ioSammatioD. 
a  following  are  (he  reasons  of  this  ditference, 
*'  Tha  extremity  of  the  grooved  pistons  exhibits  the  area  of  a 
drttc,  the  periphery  of  which  touches  tbe  Interior  edge  of  lbs 
(Toovea.  The  column  of  air  contained  in  the  tube  rests  almost 
yholly  on  this  base.  There  are  only  the  parts  corresponding  (o 
e  groofei,  that  are  continued  through  (be  Jeogtb  of  tbe  piston^ 
id  communicate  with  Ihe  external  air.  When  the  piston  it 
i  with  sulficieal  velocily  to  kindle  the  spunk,  the  parts  of 
■  column  correspondiog  to  the  grooves  rush  into  them  with  equal 
IWlodtyi  but  the  friction  they  experience  in  passing  through  such 
rrow  tobM  occtilous  a  resistance  to  iticir  passage,  a  kind  of 
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choking,  that  suffers  only  a  part  to  escape,  while  the  column  rest 
ing  on  the  area  of  the  piston  is  poshed  entirely  toward  the  extre* 
mitj  of  the  tnbe,  where  the  spunk  to  be  kindled  lies. 

^^  In  the  piston  with  a  single  broad  groore,  the  area  of  tha 
ekcle,  on  which  the  column  of  air  rests,  is  much  smaller,  con* 
sequently  the  column  itself  is  less*  The  resistance  the  air  expe» 
riences  in  passing  through  the  grooTe  is  next  to  nothing ;  for  we 
hear  no  noise  on  moTing  the  piston  backward  and  forward ;  and 
as  air  expands  in  all  directions,  when  the  piston  is  moved,  tha 
column  resting  on  the  area  of  the  circle,  resting  at  the  same  time 
laterally  .on  that  which  answers  to  the  groove,  it  recedes  from  all 
the  points  of  contact,  and  flows  entirely  through  the  channel  it 
finds  opens.  It  is  so  true,  that  it  wholly  flows  out,  that  tiie 
piston,  when  it  touches  the  extremity  of  the  tube,  remains  there; 
while  with  other  pistons  a  sufficient  quantity  of  air  is  retained  to 
occasion  a  spring  and  repel  them. 

<<  I  think  it  proper  to  say  a  word  or  two  on  the  quality  of  the 
spunk.  The  driest,  softest,  and  least  impregnated  with  nitre, 
should  be  chosen.  In  that  of  the  best  quality  a  piece  will  not 
always  be  found  equally  good  throughout.  Some  contains  a  great 
deal  of  nitre,  and  is  kindled  with  more  difficulty*.  This  may  be 
known  by  the  cold  taste  it  leaves  on  the  tongue ;  or  by  kindling 
it:  for  when  it  has  taken  fire  the  nitre  melts,  and  sometimes 
throws  out  sparks,  that  may  be  dangerous  when  they  spirt  out  of 
the  instrument,  particularly  if  made  with  a  code.  As  it  is  naiial 
to  blow  on  the  spunk,  to  try  whether  it  be  kindled,  a  spark  may 
be  thrown  from  it  into  the  eye.  This  painful  accident  once  hap« 
pened  to  me« 

<^  They  who  imagine  that  electricity  kindles  the  spunk,  consider 
these  sparks  as  an  incontrovertible  proof  of  their  opinion.  I  think 
they  are  mistaken  in  this  case ;  yet  I  must  not  conceal  a  fact  conu 
municated  to  me  by  Mr.  Veau-Delaunay,  which  seems  to  confirm 
this  opinion,  of  which  he  is  a  partisan.  Out  of  twelve  times,  when 
he  operated  with  the  iastniment  without  any  spunk  in  it,  he  saw 
sparks  emitted  three  times.    There  are  strong  reasons,  however. 


*  Tile  common  spank  of  the  ihops  fa  prepared  from  agaric,  whieh  ii  IM 
Mled  in  water  t  beaten  well  whea  dry ;  steeped  in  a  strong  lolatiOB  of  salt* 
l^etre ;  and  laitly  dried  in  an  oveo*  If  the  solation  of  ailre  be  too  ftroBf ,  the 
agaric  b  loaded  with  this  nit,  which  retards  its  inflaanation. 
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hi  »iitp«ctia  j,  tW  electricity  ii  not  Ui«  m»«  of  Ui«  ioflunanttM 
k»t«.  Tk«te  I  ifakll  ffn  in  ihe  MCond  part  of  dts  paper,  ro^ 
clvdiof  tiw  prcMDt  with  an  imporunl  otMrmtiofi  oa  iW  uMslrmem 
lion  of  ptitou. 

"  If  we  coold  fiodui  rlulic  lobitanee  «afide«tlj 
be  turned  ia  a  lathe,  we  ibuold  haie  peifett  pjitsni,  that  w*«U 
tptiof  uiil  adapt  tb^'tDwIru  to  llie  ineqnalitiei  ttt  file  tnbe,  witk. 
out  (ttjteriag  a  bubble  of  air  to  ricape.  I  baie  made  mmm  witk 
noalcltoac,  toflened  before  the  fire,  in  order  ta  gii* k  a  degrcr  ol 
tlutidt;  more  obedient  to  the  ioeqn^litu^  *f  the  l«be.  Bat  •■ 
tlleiBptliig  to  tarn  it  in  a  lathe,  it  beot  uDde-r  the  looL  Ena  tW 
•dge  of  a  razor  would  not  take  hold  it ;  k>  that  the  piitoo  rtm^mti 
vaeTCB  and  alinott  ra^^J,  and  yielded  like  loft  wax  nnder  tka 
Sagta.  Inthii  impetfeft  itate  it  m>  far  prerettts  the  air  fraa 
Mctplng,  that  a  column  of  three  inches  is  ludtdent  to  kindle  the 
ifiank ;  but  after  a  few  ilrokes  of  the  pitloo  the  heat  dilalej  it  to 
toch  a  degree,  that  it  cannot  be  morod  withool  constderabU  fort*. 
If  a  drop  of  oil  be  put  on  it,  it  raoie;  euily ;  but  this  mmm  tpoilf 
tbi  tutrument ;  fvr  the  oil  ditsoUes  the  caootchoac,  and  forms  • 
nrabh,  which,  at  the  piston  grows  hot,  makes  it  adhere  still  non 
■troo^j  to  the  sides  of  Ihe  lube. 

*  Might  not  the««  inconrenieacM  be  atoided,  bf  arming  tlw 
k  (btOK  rwl  with  caootchoDc,  and  cuiering  ihij  with  leather?  If 
recMl  succeeded,  it  might  be  applied  with  adtantage  to  all 
L  forta  of  pumps. 

'  ToatlaJo,  if  possible,  a  knowledge  of  the  principle  of  Inflam-* 
r  ^lioo  in  the  pneumatic  lindi'rbox,  four  rhings  ar«  to  be  cooudered 
1  —the  materiaU  of  the  tube,  the  matter  contained  in  the  tube,  th« 
Lsateriali  of  the  piston,  and  (he  friction.  Among  the  materials  of 
L^e  piitOD  I  include  the  grease,  with  which  it  i)  coaled,  to  make  it 
r  Ii0*e  more  easily,  and  render  it  filter  to  intercept  the  passage  of 

'  In  exunining  Ihe  qBesltoa  whether  the  spunk  be  kiodled  by 
flectrky,  1  coniider, 

Itt,  That  no  part  of  the  instrument  is  insulated  ;  and  that  in- 

tiDlBtipa  ii  a  necessary  condition  for  producing  sensible  electricity 

ritb  Kay  of  the  nachincs  we  koow.    J  ay  macbints  that  we  know, 

[.btcaase  (ieanijaBl  elitctricily,  that  man iftsls  itself  witlmut  iutul<i- 

>,  if  aa  exception  to  our  mecUaitical  Uieans,  and  cannot  here  be 

I  tjikcoiiiloiMo^ideratuMt.  -,»--.«,   ■■ 

II 4  '    ■    ' 
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^  ^Ijf  The  friction  of  the  piston,  which  is  a  greasy  body,  against 
a  metallic  substance,  is  not  calculated  to  produce  electricity. 

*^  Sdly,  Eiperience  demonstrates,  that,  unless  during  storms^ 
the  atmosphere  seldom  exhibits  any  signs  of  electricity  at  the  height 
in  which  we  breathe  it ;  and  that  we  must  search  for  them  with  in* 
s'truments  in  a  more  derated  region,  or  when  electric  clouds  are 
passing  over  our  heads.  How  then  shall  we  estimate  the  iufinitel/ 
•mall  quantity  of  electric  matter  in  a  cubic  inch  of  air,  or  even  less, 
which  the  instrument  contains  ? 

^^  4th]y,  It  is  not  without  great  difficulty,  that  we  can  kindU 
spunk  with  strong  electric  sparks.  I  have  discharged  a  large  jar 
on  spunk  strewed  with  powdered  resin,  and  it  has  remained  iin» 
kindled,  though  the  resin  caught  fire,  and  burned  entirely  away, 

^<  As  long  as  the  instrument  was  made  with  metallic  substaocet 
only,  we  were  obliged  to  confine  oursclTea  to  the  exterior  marks 
of  inflammation  alone,  without  being  able  to  assign  the  true  cause, 
or  at  least  furnish  proofs  of  it.  For  to  guess  is  not  sufficient  in 
natural  philosophy ;  we  must  demonstrate,  in  order  to  give  to  facts 
'  that  degree  of  certainty,  which  befits  science ;  and  this  we  cannot 
do  here,  without  seeing  what  passes  at  the  tery  point  of  inflamp 
mation, 

*^  The  means  are  yery  simple.  Nothing  is  necessary,  but  to 
substitute  a  glass  for  a  metal  tube.  Those  found  in  the  shops  being 
too  slight,  1  applied  to  Mr.  Laurent,  the  inventor  of  glass  flutes^ 
requesting  him  to  procure  me  tubes  of  a  similar  quality.  This 
artist,  as  much  dbtinguished  by  his  civility  as  by  his  talents,  fur- 
nished me  with  three,  which  I  fitted  up.  The  first  eight  inches 
long  by  eight  lines  in  diameter,  did  not  kindle  the  spunk.  The 
second,  nine  inches  long  by  six  lines  and  three  quarters  in  diameter, 
kindltd  it  completely.  This  being  destroyed  by  accident,  lined 
the  third,  eight  inches  long  by  seven  lines  in  diameter,  which  sno« 
ceeded  equally  well. 

^^  When  the  instrument  is  made  to  act,  and  the  spank  kindles^ 
we  see  a  bright  flash,  that  fills  the  capacity  of  the  tube;  and  this 
light  Is  so  much  the  more  vivid,  in  proportion  as  the  compression 
is  more  rapid  If  the  compression  be  less  powerful,  the  spnnk 
does  not  kindle,  bqt  we  perceive  in  the  upper  part  of  the  tube  a 
light  vapour,  that  falls  in  undulations  on  the  piston.  When  this 
has  disappeared,  if  we  draw  back  the  piston,  the  vapour  will  re. 
appeari  as  long  as  thrre  is  any  air  in  the  tvlie.    These  effects  may 
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b>  ptoduCfd  several  times  in  succession,  merely  by  putliing  th« 
l^sloD  witb  (he  hand.  ThisTapouris  sa  Iliin  aotl  diapharioirs,  that 
1l  ii  not  perceptible  in  aslroog  light.  It  requites  >  sort  of  tnili^ht 
it  «rel1. 

at  whence  arises  (his  vapour,  and  vthat  h  its  nature  !  As. 
IBredly  i(  Is  no(  furnished  by  (he  mati-rials  of  the  instrument;  it 
inly  proceed,  therefore,  from  v  hal  it  contains,  from  (he  nlmo. 
l^^ricaJr.  Xow,  according  to  ihe  present  state  of  our  koowledgc, 
Ifce  air  contains  only  nitrogen,  osjgen,  and  a  very  small  portion 
)r carbonic  acid;  all  ga^^ifurm  substances,  which  are  kept  in  this 
hie  by  (be  great  quantity  ofcaluric  that  penetrates  (hem,  and  ar* 
itoisequFtiUy  heavier  than  it.  Dut  in  compressing  the  air  coo. 
Idned  in  (he  lube,  what  is  the  substance  thai  must  first  give  way  ?  Ii 
toot  thU  nhich  is  lighlcEt,' the  caloric,  that  general  solvent,  tfiat 

bciiile  of  flaidily  and  volatilization,  which  gires  wings  even  to 
s  to  raise  IhetoEelTes  in  the  air  ?  Is  then  the  vapour  in  ques. 
bn  caloric,  rendered  visible  by  the  approximation  of  its  particles, 
Irkich  are  compressed  by  the  sorrounding  air,  as  air  becomes  visible 
a  passing  throogh  liquids :  This  idea,  which  I  am  far  from  pre> 
Kilting  ksa  thing  proved,  acquires  more  probability  from  the  fol. 
Btriny  eKperimenli, 

"  i  snbstitatMl  hydrogen  for  common  air,  and  the  vapour 
boned  itself  as  before  ;  but  the  ^punk  did  not  take  lire.  With 
■rboplc  acid  gass,  and  with  nitrogen,  the  efiects  were  (he  same. 
V  latter,  ahich  contained  a  little  nitrous  gas,  gave  a  somewhat 
r  vapour.  Oxygen,  lightly  compressed,  yielded  a  vnpour 
lore  raT«  and  transient  than  that  from  common  air.  It  had 
ttrcely  fallen  on  (he  piston  when  il  rebounded  and  disappeared, 
flien  1  compressed  oxygen  with  a  proper  force  for  producing  in> 
inmation,  the  apnnk,  which  commonly  lakes  fire  only  at  the 
Ucrtor  part,  was  almost  entirely  burned  :  yet  for  Ihis  experiment 

used  a  copper  instrument,  the  pisloii  of  tihich  lost  air  so  mncb} 
Wl  it  wodIU  no  longer  kindle  spunk  (with  common  air). 

*<  Perhaps  it  will  be  said,  thai  the  vapour  came  from  the  greasy 
atler  on  Ibr  piston,  which  adheres  (o  the  sides  of  the  lube  ;  and 
>l  it  is  expanded  by  the  heat  produced  by  Ihe  friction.  To  this 
knswer,  in  Ihic  case,   Ist.  The  vapour  should  not  shew  itself  be> 

c  Ae  greasy  matter  is  deposited  on  the  sides  of  (he  tube }  yet  it 

peart  at  th«  first  stroke  o(  the  piston,  before  the  tube  becomes 
msy.    Sdly,  It  should  shon  itself  belovi  Ihe  pistge,  in  the  part 
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which  the  piston  lias  left ;  bat|  on  the  contrary}  it  always  shews 
aboTe,  $d\y.  There  is  no  Taponr,  when  the  piston  loses  much  air, 
if  the  friction  be  e? er  so  rapid.  4thly.  The  Taponr  should  be  more 
apparent,  when  the  piston  exerts  its  friction  throughout  the  whole 
length  of  the  tube,  than  when  it  is  confined  to  a  small  part  of  its 
upper  extremity ;  yet  the  rererse  frequently  happens.  5thly. 
When  the  air  is  entirely  decomposed  no  more  vapour  appears,  but 
it  shows  itself  again,  if  ever  so  little  fresh  air  be  introduced. 

<^  As  it  was  essential  to  ascertain  whether  the  vapour  did  not 
contain  an  acid  principle,  I  fastened  to  the  surface  of  the  piston, 
with  a  little  green  wax,  a  piece  of  muslin  dipped  in  infusion  of 
litmus,  and  afterward  dried.  After  twenty  strokes  of  the  piston 
the  colour  was  not  changed.  I  put  on  a  second  piece  of  muslin 
larger  than  the  first,  and  the  edges  of  which  were  loose.  This  was 
burned  all  round,  without  the  colour  of  the  rest  being  altered. 
Lastly,  a  third  piece,  which  was  wet,  experienced  no  change  of 
colour. 

^^  From  these  experiments  it  follows,  that  no  acid  principle  is 
developed;  that  all  aeriform  substances,  as  well  as  common  air, 
produce  a  light  vapour ;  that  no  other  gass,  except  oxygen  and 
common  air,  kindles  the  spunk  ;  that  oxygen  produces  a  mnch 
more  powerful  combustion  than  common  air,  consequently  oxygen 
acts  an  important  part  in  the  inflammation ;  that  as  it  can  exert  its 
action  only  when  set  free  by  the  decomposition  of  the  common  air^ 
of  which  it  constitutes  a  fourth  part,  it  follows,  that  the  air  coiu 
tained  in  the  tube  is  decomposed  by  the  simple  force  of  compres- 
aion  ;  that  the  vapour  produced  is  not  owing  to  the  oxygen,  ainct 
it  shows  itself  equally  in  gasses  that  contain  no  oxygen ;  that  this 
vapour  is  the  effect  of  some  agent  common  to  all  gasses ;  and  that 
we  may  presume  it  is  caloric  itself,  rendered  visible  by  the  sadden 
approximation  of  its  parts  in  a  small  space,  where  it  rises  to  a  tem- 
perature that  is  increased  in  the  oxygen  so  as  to  kindle  the  spunk* 

*'  It  sometimes  happens,  that  the  spunk  is  turned  black  without 
kindling,  in  this  case,  as  well  as  wlien  it  is  kindled,  if  we  draw 
back  the  piston  in  the  tube,  a  dense  vapour,  that  may  be  sAielt^ 
issues  out,  which  is  not  of  the  same  nature  as  the  former.  That 
shows  itself  before  the  inflammation :  this  always  succeeds  it.  That 
is  the  priodple  of  the  inflammation :  this  a  product  furnished  bjr 
the  combustion  of  the  spunk,  of  which  it  has  the  smell." 

^Le  Bouvi§n  DcimorUen.  Jouriu  de  Phj/iiquu 
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CHAP.  VIII. 


tHOHrBORB'CBNCB,  Oft  SPOHTAMBOUS  ILLDHIK ATlONt 
ANIUAL,  TEGBTAHLF,  AND  UIKERAU 


lilt  is  anra^t  extraordioary  and  inlcresliogsabject,  and  a  perusal 
'ihr  Ihree  preceding  chapters  will,  in  a  considerable  degree,  ea. 
hi  (lie  render  to  understand  its  general  principles,  ttioagh  (here  is 
■ch  Ibat  bu  bilherlo  eluded  pursuit,  and  ttiil  remaius  to  be  de«e. 


PhotpborMcence,  in  its  broadest  latitude,  imparli  light  thrown 
brOi  from  substances  that  at  the  same  time  emit  little  or  no  heat  at 

e  cotomun  (empersture  of  tbe  atmosphere,  and  which  are  deno>' 

inaled  phosphoric 

The  phosphorus  properlj'  so  called,  and  which  is  usually  under- 
Mood  in  chemical  books,  and  employed  in  chemical  processes,  i> 
ftat  commonly  known  by  the  name  of  Kunckel't  phosphorus,  and 
vhtch  we  shall  describe  under  that  designation.     But  there  ar« 

irions  other fobstances  that  possess,  in  different  degrees,  the  same 

lad  of  illnmioating  power,  and  which  it  is  hence  necessary  to 
take  (oaw  notice  of,  u  well  as  of  the  effects  they  produce. 

Of  tbese  kinds  the  phosphorescent  substances  there  are  Ihret 
iMding  ditisions.  The  first  comprehends  those  which  require  a 
prevfoiis  Mpotnre  to  (he  solar  or  other  light,  in  order  to  become 
InmiDou  ;  whence  they  arc  called  solar  pho:iphori :  the  second  in* 
Hades  those  which,  without  any  necessary  previous  exposure  to 
Igbt,  become  luminous  when  moderately  healed,  which  are  deno- 
■Inatrd  calorized  phosphor!,  or  phosphori  frum  hi-at :  (he  third 
Comprekends  those  substances  belonging  to  the  animal  and  vege- 
tahle  kingdoms,  which  emit  light  spontaneously  at  the  common 

trtDpentnre,  without  (he  necessity  of  a  previous  exposure  (O  ligbt^ 

and  tfaew  are  called  spuntaaeous  phosphori. 

SECTION     I. 

Solar  Phoiphori. 
k  cktvAL  discoTery  by  Vincenzio  Cascariolo,  a  shoemaker  af 
,  aboat  1C30,  was  the  tint  circumstance  that  attracted  tba 
e  of  pbUocopberi  to  tliis  curious  subject,     Hiii  man  being  ia 
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quest  of  some  alchemical  secret  was  induced  to  calcine  a  parcel  of 
Bolognian  spar  (a  sub-species  of  hearj  spar  or  native  sulphat  of  ba- 
ryte),  which  he  had  procured  from  Monte  Patenio,  in  the  neigh* 
bourhood  of  the  city ;  and  observed,  that  whenever  this  substance, 
thus  prepared,  was  placed  in  a  dark  room,  after  having  been  ex* 
posed  to  the  sun,  it  continued  to  emit  faint  rays  of  light  for  some 
hours  afterwards. 

In  consequence  of  this  interesting  discovery,  the  Bolognian  spar 
came  into  considerable  demand  among  natural  philosophers,  and 
the  curious  in  general,  so  that  the  best  way  of  preparing  it  was 
found  an  object  of  some  pecuniary  importance.  This  seems  to 
have  been  hit  upon  by  the  family  of  Zagoni,  who  supplied  ail  Ea« 
rope  with  Bolognian  phosphorus,  till  the  discovery  of  more  power- 
ful  phosphoric  put  an  end  to  their  monopoly.  Margraaf,  some 
years  afterwards,  proved  that  other  species  of  solphated  baryte 
might,  under  particular  management,  be  made  to  produce  a  siml. 
lar  effect. 

In  the  year  1077,  nearly  half  a  century  afler  the  discoTery  of 
the  Bolognian  phosphorus,  G.  A.  Baldwin,  a  native  of  Misnia, 
observed,  that  if  nitrat  of  lime  were  evaporated  to  dryness,  and 
then  formed  into  a  compact  mass  by  fusion  at  a  red  heat,  it  would 
exhibit  the  same  property  of  Imbibing  and  emitting  light  as  tbm 
former,  only  somewhat  inferior  in  degree  :  hence  this  preparation 
obtained  the  name  of  Baldwin's  phosphorus. 

In  1730,  M.  du  Fay,  who  is  justly  celebrated  for  his  electrical 
researches,  directed  hb  attention  to  this  subject,  and  observed,  that 
all  earthy  substances,  susceptible  of  calcination,  either  by  mere 
fire,  or  when  assisted  by  the  previous  action  of  nitrous  aeM, 
possessed  the  property  of  becoming  more  or  less  luminous  when 
calcined  and  exposed  for  a  short  time  to  the  light :  that  the  most 
perfect  of  these  phosphor!  were  limestones,  and  other  kinds  of 
carbonated  lime,  gypsum,  and  particularly  the  topaz ;  and  that 
some  diamonds  were  also  observed  to  be  luminous  by  simple  expo* 
sure  to  the  sun's  rays,  without  being  previously  ignited ;  while 
flint,  sand,  jasper,  agate,  and  rock  crystal,  i/kre  inphospho. 
rescent. 

Not  long  after,  M.  Beccaria  dbcovered  that  a  great  variety  of 
other  bodies  were  convertible  into  phosphori,  by  ezposnre  to  the 
mere  light  of  the  sun  ;  not  only  the  varieties  of  carburet  and  suU 
phat  of  lime,  but  organic  animal  remains,  and  geodes  lintd  with 
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■tnnte  eryitali  of  qnarlz  ;  most  con poanil  salts,  nhen  cleir  anil 
!tt]'italllt«d,  |iarlicular1y  Glauber's  nitre,  and  borax,  wpre  also 
•lauail  to  be  phoapli orescent  ;  oT  vegetable  subslanrt^s  all  (lie  fari. 
^■ceout  and  aily  seeds,  all  the  gums,  and  seteral  of  the  resins, 
y^  white  woods,  and  vef^eLible  fibre,  ellhpr  in  tlie  form  of  paper 
■r  linen  ;  also  starch  and  loaf-sugar  proreil  (o  be  good  pho&phari, 
Utrr  briDg  Diaile  thorouglily  dry,  and  <?xpost<l  to  the  direct  rays  of 
dhe  ion.  Sumlry  animal  matters,  by  a  similar  treatoieot,  were  also 
■tOTfrted  into  good  phatphoTi,  particularly  bone,  either  frush  or 
hlciaed,  sinew,  glew,  hair,  horn,  hoofT,  feathers,  and  Gsh  shells. 
be  tam«  properly,  he  obscrTed,  might  be  communicated  tu  rock. 
aiiystBl,  and  aome  other  of  the  ^ems,  by  rubbing  them  a^iaiast 
^Ch  otlier,  so  as  to  roughen  their  surface,  and  then  placing  them  for 
mmr  ninutps  in  the  focus  of  a  len;,  by  which  the  rays  of  light  wer« 
wicentrated  upon  them  at  the  same  time  thut  they  were  also  mods, 
jately  heated. 

lo  the  year  176S,  Mr.  Canton  contributed  some  important  facts 
rtUtive  (o  Ba\ar  phosphor!,  and  connnunicated  a  mi'thod  of  prepar- 
Ilg  a  fcry  powerful  one,  which,  after  the  iavenlor,  is  usually 
etjicd  Cflntoa's  phosphorus.  It  is  thun  made  :  Calcine  oyster* 
the  open  fire  for  half  an  hour  ;  Ihc'n  select  the  widest  and 
rgett  [liecps,  aod  mil  (hem  with  flowers  of  sulphur  in  the  pro- 
irrlion  of  one  part  of  the  Utter  to  three  parts  of  [he  former  ;  pack 
r  whole  closely  io  a  crucible  ;  lute  on  a  cover,  and  heat  it  prrtty 
rongty  for  one  hour;  when  the  crucible  has  again  become  quits 
Ad,  tarn  out  itt  contents,  and  select  the  whitest  pieces  fur  u^o. 
Ir.  Canton  affirms,  that  hi;  phosphorus^  inclosed  in  a  glass  flask, 
id  Jicrmcli rally  sealed,  rel&ins  lis  properly  of  becoming  luminous 
rat  least  four  years,  without  any  apparent  decrease  of  activity. 
Mr.  Wilson  found  thnt  a  much  greater  bnlliancy  of  colour 
nld  lie  produced  by  letting  the  oysler.shells  come  in  direct  con- 
Kt  with  the  burning  coals,  or  other  inllammablc  malter,  and  by 
entered  with  i( ;  and  that  if  the  coveriug  malter  be  iron,  tba 
siinouaaras  will  be  very  briithl ;  if  steel,  still  brighter  and  more 
Idescrol  ;  bat  if  platen  of  charcoal,  most  so  of  all. 
If  a  coomao  box  smoothing-iron,  heated  in  the  usual  manner) 
tplar.ed  for  half  a  minute  on  a  sheet  of  dry,  white  paper,  and  ihs 
l^t  be  (hen  exposed  to  ihe  light,  and  afterwards  examined  in  a 
Irk  rioiet,  it  will  be  found  ihat  the  whole  paper  will  be  luminous, 
■t  part  huwpTer  on  which  the  iron  had  stood  being  much  mora 
iniaj  than  the  rest. 
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SECTION   II. 

Calorixed  Phospkorin 

Besides  those  substances  that  are  phosphorescent  bj  exposure  to 
the  rays  of  the  son,  there  are  others  which  gire  out  light  when  sinu 
ply  heated.  These  materially  differ  from  the  former  in  this  circum* 
stance,  that  after  hafing  been  continued  at  any  particnlar  tempe- 
rature till  their  luminousness  is  exhausted,  they  are  incapable  of 
becoming  again  luminous,  except  at  a  greater  heat  than  that  to 
which  they  were  first  subjected.  The  range  of  temperature  at 
which  these  bodies  become  luminous  is  not  rery  extensive,  com* 
mencing  at  about  400^  Fahr.  and  terminating  at  the  lowest  Tisible 
red  heat.  The  following  is  a  list  of  substances  exhibiting  tbiiy 
properly  arranged  by  Mr.  S.  Wedgewood,  according  to  the  bril. 
liancy  of  the  light. 

That  rariety  of  the  blue  fluor  spar  of  Derbyshire,  which,  when 
scraped  or  struck,  emits  a  fetid,  bituminous  odour,  is  the  most  phos* 
phorescent  by  heat  of  all  the  known  substances :  it  glows,  when 
moderately  heated,  with  a  pale  emerald  green  light,  sufficiently 
intense  to  be  Tery  visible  even  in  daylight.  To  the  second  rank 
belong  the  common  swine. stone,  the  common  blue  flnor,  and  red 
fel.spar,  all  which,  as  well  as  the  following,  exhibit  a  white  or  red. 
dish  light.  The  third  class  includes  the  diamond,  the  ruby,  carbo- 
nated baryte,  chalk,  colourless  calcareous  spar,  8ea.shells,  granite^ 
and  white  flnor.  The  fourth  class  comprehends  white  sand,  car- 
bonated magnesia,  heavy  spar,  flint,  white  marble,  quartz,  porcelain 
and  earthen  ware.  The  fifth  class  includes  most  of  the  metals^ 
sulphat  of  potash,  borax,  white  paper,  white  linen,  sawdust,  and 
asbestos.  Under  the  sixth  and  last  class  are  comprehended  oil,  wax, 
spermaceti,  and  butter  when  boiling  or  nearly  so.  Most  of  these 
are  also  phophorescent  by  friction. 

SECTION    III. 

Animal  and  Vegetable  PhotphorL 

It  is  a  curious  fact,  and  though  occasionally  noticed,  not  geneb 
•rally  attended  to  till  of  late  years,  that  various  animal  and  vegetable 
•nbstances  liave  a  power  of  throwing  forth  ll^t  ander  particalar 
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;  KHM  of  then  whilr  tmit;,  uid  o4b«n  iMrftni  after 

We  idaH  first  notire  the  ^oeral  hisiaiy  of  thb  exlraatdi* 

r  bet,    and  the    observatians    apcm  it  okick  fini  ng^nted 

uel(M(athose  who  remarked  and  examined  it^  andaflerwarda 

a  at  a  fe«  of  (be  nmnproai  modes  of  whicti  it  hat  of  late  jeara 

attempted  to  be  icc^onted  lor. 

General  lliitory  and  earlieit  Nolieet. 

That  lijbt  occajionaily  proceed;  from  putrescent  aiiimal  and  ve> 

ttab<<r  sabitaiice*,    be  wefl     as    from    liTinf    glawworms,   waa 

iticpd  by   Aristotle.     Colomha,    an  indastrioas  natoralisl,  ob. 

n^  longafter,  that  lereral   in^cls  emitted  light,  and   that  sucb 

tl  Is  not  estJnguiahed  immediately  apon  the  death  of  the  animal. 

t  tbe  tSntt  distinct  Bccouiit  thit  we  meet  with  of  light  proceeding 

n  potmceot  aoimat  flesh,  is  thni  which  is  giyen  by  Fdhricins  ab 

A^napendente,  (De  Visione,  p.  45. _)   who   says,   that  when  three 

koman  jonths,  residing  at  Padua,  had  boaght  a  lamli,  and  had 

Mten   p>rt  of  it  on  [paster-day,  149?,  several  pieces    of    the   re- 

aaindcr,  wbtchthey  kept  till  the  day  following,  shone  like  so  many 

«andle«  when  they  were  casualty  Wewed  in  fbe  dark.     Pari  ofthi* 

lamfnous  flesh  was  immediately  sent  to  Aqaapendenle,  who  waa 

profeisor  of  anatomy  in  that  city,     lie  obserred,  thai  both  the  lean 

and  ibe  (at  nf  ihi^  meat  shone  with  a  whilish  kiad  of  li^ht,  and  alsa 

tonk  notice,  that  some  pieces  of  kid's  flesh,  which  had  happened 

to  hire  lain  in  contact  with  it,  were  luminous,  as  well  as  the  flnger« 

y  nd  other  parti  of  the  bodies  of  those  pprsons  who  louchpd  it. 

Those  parts,  be  obserT^d,  shone  the  most  which  were  soft  to  the 

>'t>Bch,  and  seemed  to  be  transparent  in  candlelight ;  but  where 

'  Ibe  flesh  was  thick  and  solid,  or  where  a  bone  was  near  the  oatside, 


thick  and  solid, 
k  did  not  shitie. 

Ftoni  Uds  period  we  must  descend  to  the  era  of  Thomas  Bar. 
ttolin,  before  we  meet  with  any  similar  notice.  This  writer,  in  a 
diiiinct  treatise  De  lace  animalium  (p.l83,  306)  metitloQS  four 
kinds  of  luminous  insects,  two  of  which  were  possessed  of  wings, 
and  two  wlnglesi,  ot  apterous.  Ue  also  takes  notice  of  one  InstancB 
b  which  if  was  observed  to  issue  from  dead  matter.  This  happened 
WMootpelter  id  1641,  when  a  poor  old  woman  had  bought  apiece 
•f  fitih  in  the  market,  intending  to  make  use  of  it  the  day  follow. 
bg.  But  happening  not  to  be  able  to  sleep  well  that  night,  and 
%n  bed  and  pantry  being  Id  the  same  roam,  she  obierved  so  much 
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light  come  from  the  flesh,  as  to  illuminate  all  the  place  where  H 
hung.  A  part  of  this  luminous  flesh  was  carried  as  a  curiosity  to 
Henry  Bourbon,  duke  of  Conde,  the  governor  of  the  place,  who 
fiewed  it  for  sereral  hours  with  the  greatest  astonishment. 

This  light  was  obser? ed  to  be  whitish ;  and  not  to  co? er  the 
whole  surface  of  the  flesh,  but  certain  parts  only,  as  if  gems  of  an. 
equal  splendour  had  been  scattered  over  it.  This  flesh  was  kept 
till  it  began  to  putrify,  when  the  light  Tanished ;  which,  as  some 
religious  people  fancied,  it  did  in  the  form  of  a  cross. 

Boyle  tried  the  efiect  of  his  air.pump  upon  these  luminous  tub- 
stances  ;  and  found  that  the  light  of  rotten  wood  was  extinguished 
in  Tacuo,  and  revived  again  on  the  admission  of  the  air,  even  after 
a  long  continuance  in  vacuo ;  but  the  extinguishing  of  this  light  was 
not  so  complete  immediately  upon  exhausting  the  receiver,  as  some 
little  time  afterwards.  He  could  not  perceive,  however,  that  the 
light  of  rotten  wood  was  increased  in  condensed  air ;  but  this,  he 
imagined,  might  arise  from  his  not  being  able  to  judge  very  well  of 
the  degree  of  lighf,  through  so  thick  and  cloudy  a  glass  vessel  as  he 
then  made  use  of;  but  we  find  that  the  light  of  a  shining  fish,  which 
was  put  into  a  condensing  engine  before  the  Royal  Society,  in 
1668,  was  rendered  more  vivid  by  that  means.  The  principal  of 
Mr.  Boyle's  experiments  were  made  in  October,  1667. 

This  philosopher  attended  to  a  great  variety  of  circumstances 
relating  to  this  curious  phenomenon.  Among  other  things,  he  ob. 
served,  that  change  of  air  was  not  necessary  to  the  maintenance  of 
this  light ;  for  it  continued  a  long  time  when  a  piece  of  the  wood 
was  put  into  a  very  small  glass  hermetically  sealed,  and  it  made  no 
difference  when  this  tube  which  contained  the  wood  was  put  into  an 
exhaused  receiver.  This  he  also  observed  with  respect  to  a  lumi* 
nous  fish,  which  he  put  into  water,  and  placed  in  the  same  dream* 
stances.  He  also  found,  that  the  light  of  shining  fishes  had  other 
properties  in  common  with  that  of  shining  wood ;  but  the  latter,  ha 
says,  was  presently  quenched  with  water,  spirit  of  wine,  a  great 
variety  of  saline  mixtures,  and  other  fluids.  Water,  however,  did 
not  quench  all  the  light  of  some  shining  veal  on  which  he  tried  it, 
though  spirit  of  wine  destroyed  its  virtue  presently. 

Mr.  Boyle's  observation  of  light  proceeding  from  flesh.meat  waa 

.quite  casual.     On  the  1 5th  of  February,  1 662,  one  of  his  servantf 

was  greatly  alarmed  with  the  shining  of  some  veal,  which  had  been 

kept  a  few  days,  bat  had  no  bad  smell,  and  was  in  a  state  very  pro- 
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f  tmt  Ut-     'I'be  aerranl  immediately  made  his  muter  Bcqaaitited 

1  (hit  exinoTJinarf  appearnnce  ;  and  though  be  was  iben  in 

R]^.  he  ordered   it  to  be  immediately  brought  to  him,  and  be  esa. 

\  Bined  it  Bith  the  greatest  altenllon.     Suspecting  that  the  state  of 

VAlioiMphrre  had  some  ahare  in  ihe  production  of  thi;  phenome- 

I,  h«  takvs  notice,  after  describinj{  the  appearance^  that  the  wind 

wr«l  and  blustering,  the  iiir  hot  for  the  season,  the  mooQ 

I*  pat  il»  last  quarter,  and  Ihe  mercury  iu  the  barometer  waj  U 

i  19  3. 1 6th  inches. 

.  Boyte  was  often  disBppointed  in  his  experiments  on  shining 

;  finding  that  they  did  not  always  shine  in  Ihe  rery  same  cir. 

I  dmataoces,  as  far  as  he  could  judge,  with  others  which  had  shitied 

before.     At  one  time  that  tbey  failed  to  shine,  according  to  fail 

Cipectations,  he  obsened  that  the  weather  was  variable,  and  not 

L  ^rtUuMt  some  days  of  frost  and  suow.     In  general  he  made  use  of 

I  fhitings,  fiodiag  them  the  fittest  for  his  purpose.     In  a  discourse^ 

f  Immer,  upnn  this  subject  at  the  Royal  Society,  in  1681,  it  wu 

'  HMrted,  that,  of  all  fi^hy  substances,  the  eggs  of  lobsters,  after  the/ 

I   b*d  be<>n  boiled,  shooe  the  brightest.     Olig.  Jacohxus  obserres*, 

ttat,  upon  opening  i  sea  polype,  it  was  so  luminous  as  to  slarlU 

(ereraf  p#rsoni  who  saw  it ;  and  hesays(but  incorrectly  according 

I  tp  later  experiments)  that  the  more  putrid  the  fish  was,  the  mora 

BinoBB  it  grew.     The  naib  aUo,  and  the  lingers  of  the  person! 

>  londied  it,  became  Inminous;  and  the  black  liquor  whicti 

Kd  from  the  animal,  and  which  it  id  bile,  shone  also,  but  mttk 

J  faint  light. 

'.  Uoyla  draws  a  minute  comparison  between  Ihe  light  of 
g  coals  and  that  of  shining  wood  or  hit,  showing  in  what  par. 
t  tfaey  agree,  and  in  what  they  differ.     Among  olhrr  things 
^obterrrt,  that  extreme  cold  extinguishes  the  iight  of  shiniog 
s  appeared  when  a  piece  of  it  was  put  into  a  glass  tube,  and 
d  in  a  frigorific  mixture,  a  fact  which  minutely  agrees  with  Dr. 
es' mote  Dxodern  experiments  upon  dead  animal  mallei.     Ila 
tUa  foBnd  that  rolten  wood  did  not  waste  its«lf  by  shining,  aud  (bat 
a  application  of  a  thermometer  to  it  did  not  ditcorcr  the  least  d«> 
eof  be^at. 
«  *beJJ-£sli  called  pbolai,  or  phloas,  which  forms  for  U»«lf 
1  in  f  ariouB  iUndi  of  stone,  be.  was  one  of  tJie  earlint  >ubj«ct« 
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of  attention.  That  this  fish  is  luminous  was  noticed  bj  Plinj  ; 
who  obserTeSy  that  it  shines  in  the  mouth  of  the  person  who  eats  ft, 
and,  if  it  touch  his  hands  or  clothes,  makes  them  luminous.  Ra 
also  says,  that  the  light  depends  upon  its  moisture. 

Reaumur  obserfes,  that,  while  other  fishes  give  light  when  they 
tend  to  putrescence,  this  is  more  luminous  in  proportion  to  its 
being  fresh;  that  when  thej  are  dried,  their  light  will  refive  U 
they  be  moistened  either  with  fresh  or  salt  water,  but  that  brandy 
immediately  eitingubhes  it.  He  endeavoured  to  make  this  light 
permanent,  but  none  of  his  schemes  succeeded. 

The  attention  of  the  Bolognian  academicians  was  engaged  to  this 
subject  by  M.  F.  Marsigli,  in  17^,  who  brought  a  number  of 
these  fishes,  and  the  stones  in  which  they  were  inclosed,  to  Bologna, 
on  purpose  for  their  examination. 

Beccaria  observed,  that  though  this  fish  ceased  to  shine  when  it  wu 
putrid,  yet  that  in  its  most  putrid  state,  it  would  shine,  and  make 
the  water  in  which  it  was  immersed  luminous,  when  they  were  agi. 
tated.  Galcati  and  Monti  found,  that  wine  or  vinegar  extinguish- 
ed this  light :  that  in  common  oil  it  continued  some  days ;  bat 
in  rectified  spirit  of  wine  or  urine,  hardly  a  minute. 

In  order  to  observe  in  what  manner  this  light  was  affected  by 
different  degrees  of  heat,  they  made  use  of  Reaumur's  thermomew 
ter,  and  found  that  water  rendered  luminous  by  these  fishes  in* 
creased  in  light  till  the  heat  arrived  to  45  degrees ;  but  that  it  then 
became  suddenly  extinct,  and  could  not  be  revived. 

In  the  experiments  of  Beccaria,  a  solution  of  sea  salt  increased 
the  light  of  the  luminous  water,  a  solution  of  nitre  did  not  increase 
it  quite  so  much  ;  sal  ammoniac  diminished  it  a  little  |  oil  of  tartar 
per  deliquinm  nearly  extinguished  it ;  and  the  acids  entirely.  This 
water  poured  upon  fresh  calcined  gypsum,  rock  crystal,  cemss,  or 
sugar,  became  more  luminous.  He  also  tried  the  efiiects  of  it  when 
poured  upon  various  other  substances,  but  there  was  nothing  veiy 
remarkable  in  them.  Afterwards,  using  luminous  milk,  he  found 
that  oil  of  vitriol  extlnguisked  the  light,  but  that  oi!  of  tartar  in- 
creased it. 

This  gentleman  had  the  curiosity  to  try  how  difiTerently-colonred 
substances  were  affected  by  this  kind  of  light ;  and  having,  for  this 
purpose,  dipped  aeveral  ribbons  in  it,  tiie  white  came  out  the 
brightest,  next  to  this  was  tlie  yellow,  and  then  the  green ;  tin 
other  colours  could  haidly  be  perceived.    It  was  not,  however,  any 
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ir(kti)ar  coluar,  bat  only  light  that. was  perceitrd  in  Ibis  cise,  Ily  ' 

fbcn  difipFd  boards  painled  withl)ie|]itrtrFntcolaurs,Bnd  also  glau  ' 

tabfs,  HIIkI  with  substances  of  difiVrcnt  coluurt,  in  valer  rendcrrE'd    ' 

laminoD^  by  fishes.     In  both  these  rasei  the  red  was  hardly  visible, 

e  jpIIuk  vis  the  brightest,  aiid  the  TJolct  the  duTlrst.      But  oq 

«  boards  the  blue  was  nearly  equal  lo  the  yellow,  and  the  green 

oir  laogui'l ;  wher«as  in  tbe  glasses,  thi:  blue  was  inferiar  lo  tli« 

Of  all  the  liquori  into  which  he  put  the  phlpadM,  milk  wai  rrn> 
red  Ike  most  lumintius.     A  single  phloaj  made  seven  ounces  of 
ilk  to  InniinoD^,  that  the  faces  of  persons  might  be  dhtinguibhed 
by  it,  Btwl  it  looked  as  if  it  was  transparent. 

rappearvd  to  he  necessary  lo  this  light;  for  when  Beccaria 
ytl  the  luminODS  milk  into  glass  tubes,  no  agitation  would  make  it 
,  unlets  bobbles  of  air  were  miiod  with  it.  Also  Monti  and 
Cil«ali  found,  that,  in  an  exhausted  receiver,  the  phloas  lust  its 
l^t,  but  the  waler  was  somelimes  made  more  luminous;  which 
fy  K»CTtb«d  to  the  rising  of  bubbles  of  air  through  it, 
B«ccariA,  as  well  as  Reaumur,  had  many  schemes  lo  render  th« 
Ijgkl  of  tli«se  pblnadei  permnn^^nt.  For  (his  purpose  he  kneaded 
iejaic*  into  a  kind  of  paste,  with  Sour,  aud  found  that  it  would 
in  light  when  it  was  immersed  In  warm  water  ;  but  it  answered 
nt  lo  pT*Mr<t«tbc  fitb  in  honi-y.  In  any  other  method  offh'eser- 
iliofl,  ibe  properly  of  becoming  luminous  would  not  continue 
•gerlhaa  six  months,  but  in  honey  it  had  lasled  above  a  year;  and 
wn  it  would,  when  plonged  in  warm  water,  giye  as  much  light  as 
per  it  bad  done. 

jiimifar,  in  some  respects,  to  those  observations  on  tbe  light  of 
C  pkloaa,  was  that  which  was  observed  to  proceed  from  wood 
kicb  was  laobt,  but  not  in  a  putrid  state,  which  was  very  conspi* 
kMiin  tbe  dark. 

Ttut  Ike  ten  is  sometimes  luminous,  especially  when  it  is  put  in 
lOlioB  by  the  dashing  of  oars  or  the  beating  of  it  against  a  ship,  hai 
tta  obsmei  with  admiration  by  a  great  number  of  persons,  Mr, 
Djif ,  after  reciting  all  the  circumstances  of  this  appearance,  as 
r  ns  li«  could  collect  them  from  ibe  accounts  of  navigalori ;  as  its 
|ac»l«uded  ai  far  as  tbe  eye  could  reach,  and  at  other  times 
ibfTiiibla  only  whan  the  water  was  dashed  against  some  other 
irfy;  tbat,  in  some  seas,  ibis  phenomenon  is  accompanied  by  soma 
trtJcnlnr  winds,  but  not  in  others ;  and  that  sometimes  on  part  of 
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the  set  will  be  laminons,  when  another  part,  not  far  from  it,  will 
not  be  8o ;  concludes  with  saying,  that  be  could  not  help  saspecting 
that  these  odd  phenomena,  belonging  to  great  masses  of  water, 
were  in  some  measure  owing  to  some  cosmical  law  or  custoai  of 
the  terrestrial  globe,  or  at  least  of  the  planetarj  vortex. 

Some  curious  obserTations  on  the  shining  of  some  fishes,  and  thA 
pickle  in  which  in  they  were  immersed,  were  made  by  Dr.  Beat,  im 
May  1665,  and,  had  they  been  properly  attended  to  and  pursued, 
might  hare  led  to  the  discovery  of  the  cause  of  this  appearance. 
Haying  put  some  boiled  mackarel  into  water,  together  with  salt  and 
sweet  herbs;  when  the  cook  was  some  time  after  stirring  it,  in  or* 
der  to  take  out  some  of  the  fishes,  she  observed,  that,  at  the  first 
motion,  the  water  was  very  luminous ;  and  that  the  fish  shining 
through  the  water  added  much  to  the  light  which  the  water  yielded. 
The  water  was  of  itself  thick  and  blackish,  rather  than  of  any 
other  colour  ;  and  yet  it  shined  on  being  stirred,  and  at  the  samt 
time  the  fishes  appeared  more  luminous  than  the  water.  Wherever 
the  drops  of  this  water,  after  it  had  been  stirred,  fell  to  the  groond, 
they  shined ;  and  the  children  in  the  family  diverted  themselves 
with  taking  the  drops,  which  were  as  broad  as  a  penny,  and  run* 
ning  with  them  about  the  house.  The  cook  observed,  that  whem 
Ae  turned  up  that  side  of  the  fish  that  was  lowest,  no  light  camo 
from  it ;  and  that,  when  the  water  had  settled  for  some  time,  it  did 
not  shine  at  all.  The  day  following,  the  water  gare  but  littlt 
light,  and  only  after  a  brisk  agitation,  though  the  fishes  continoed 
to  shine  as  well  from  the  inside  as  the  outside,  and  especially  aboni 
the  throat,  and  such  places  as  seemed  to  have  been  a  little  bnAisii 
in  the  boiling. 

When,  in  the  light  of  the  sun,  he  examined  with  a  microscope^ 
a  small  piece  of  a  fish  which  had  shined  very  much  the  night  beibro^ 
he  found  nothing  remakable  on  its  surface,  except  that  he  thottghf 
lie  perceived  what  he  calls  a  steam,  rather  dark  than  laminonS| 
arising  like  a  very  small  dust  from  the  fish,  and  here  and  there  B 
very  small  and  almost  imperceptible  sparkle.  Of  these  spaikles  ho 
had  no  doubt ;  but  he  thought  it  possible  that  the  steam  might  be  a 
deception  of  the  sight,  or  some  dust  in  the  air. 

Finding  the  fish  to  be  quite  dry,  he  moistened  it  with  bis  spittle; 
and  then  observed  that  it  gave  a  little  light,  though  but  for  a  short 
time.  The  fish  at  that  time  was  not  fetid,  nor  yet  insipid  to  tht 
best  discerning  palate. «  Two  of  the  fishes  he  kept  two  or  tbree 
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I^ree  dijs  longer  for  farther  trial ;  ba(  the  weather  being  Tery  hot, 
Khcf  benme  Mtd  ;  aod,  contrary  to  hU  etpectalians,  there  nas 
%it  more  n|;hl  [irodaced  eitWr  by  the  agilatian  of  the  trater  or  in 
(be  G^fa. 

Fitthn  Boartes,  in  Hi)  royage  tu  the  Indies  in  1704,  took  pur. 
icular  notice  of  the  lominous  appearance  of  the  sea.  The  light 
pa«  KOmetimps  so  great,  that  he  couM  easily  read  the  title  of  a 
^ook  by  it,  (bough  he  wa^  nine  or  ten  feet  from  the  surface  of  the 
Vster.  Sometimes  he  could  easily  distinguish,  in  the  nake  of  the 
^p,  the  particles  that  ncre  luminous  from  those  that  were  not ; 
^d  Ihry  appeared  not  In  be  all  of  the  satne  figure.  Some  of  them 
^ere  like  points  of  light,  and  others  such  as  Elars  appear  to  the 
■aked  eye.  Some  of  ihera  were  like  globes,  of  a  line  or  two  in 
.^iaracter;  and  others  as  big  as  one's  head.  Sometimes  they  form. 
'cd  theasehes  iato  squares  of  three  or  four  inches  loni:,  and  one 

two  broad.    Sumelimes  all  these  different  figures  were  risible  at 

!  jame  time  ;  and  sometiroos  there  were  what  he  calls  vortices  of 
Jighl,  which  at  oue  particular  time  appeared  and  disappeared  im> 
Mediately  liVe  Qaihes  of  lightning. 

Nor  did  only  the  wake  of  the  ship  produce  this  li^ht,  but  fishea 
also,  in  iwimmini;,  left  so  luminous  a  track  b.'hind  them,  that 
h><h  their  size  and  species  might  be  distinguished  by  it.  When  ha 
took  Fome  of  the  water  out  uf  the  sea,  and  stirred  if  ever  HO  little 
with  his  hand,  tn  tb<'  dark,  he  always  snw  in  it  an  Jnlinite  number 
.«f  bright  particles ;  and  he  had  the  same  appearance  whenever  he 
tf  pped  a  piece  of  linen  in  the  sea,  and  wrung  it  in  a  dark  place) 
«V«n  thoD^h  it  was  half  dry;  and  he  obserTed,  that  when  tbo 
(parkles  fell  upon  any  thing  that  was  solid,  it  would  continao 
'fhioioc  far  some  hours  together. 

After  mfntioning  several  circumstances  which  did  not  conlrihut* 
to  this  appearance,  this  Father  obserres,  thai  it  depends  very  mnch 
OpoD  the  quality  of  the  water ;  and  he  was  pretty  sure  that  thli 
Jighl  is  the  greatest  when  the  water  is  fattest,  and  follest  of  foam, 
-For  in  tbe  naln  sea,  he  says,  the  water  is  not  trrtry  whiTc  equallf 
pure:  and  that  sometimes,  if  linen  be  dipp<-d  in  tbe  sea,  it  It 
(gUmmj  vben  it  is  drawn  op  again  :  and  be  oflea  observed,  lUat 
vbeD  the  wake  of  tbe  ship  was  the  brighteit,  tbe  water  wa*  lh« 
BMt  fat  and  glntimtos,  and  that  linen  moistened  with  ll  |trndiu:«4 
a  greU  deal  of  light,  if  it  was  ilitrMl  or  iBOft-d  liriiily,  |hiide«, 
ia  some  parU  of  the  tea,  be  taw  a  nabs UoM  like  mm^tui,  tvmt* 
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times  red  and  sometimes  yetlow  ;  and  when  he  drew  up  the  watef 
in  those  ptaces,  it  wa&  always  viscotis  and  glutinous.  The  sailors 
told  him,  that  it  was  the  spawn  of  whales:  that  there  are  great 
quantities  of  it  in  the  north,  and  that  sometimes,  in  the  night,  the/ 
lippeared  all  over  of  a  bright  light,  without  beiug  put  in  motion 
by  any  tessel  or  fish  passing  by  them. 

As  a  confirmation  of  this  conjecture,  that  the  more  glutinoul 
the  sea  water  is,  the  more  it  is  disposed  to  become  luminous,  he 
obsefves,  that  one  day  they  took  a  fish  that  was  called  a  bonite, 
the  inside  of  the  month  of  which  was  so  luminous,  that,  withoat 
any  other  light,  he  could  read  the  same  characters  which  he  had 
before  read  by  the  light  in  the  wake  of  the  Mp ;  and  the  mouth 
of  this  fifth  was  full  of  a  fiscous  matter,  which,  when  it  was  rabb« 
ed  Upon  a  piece  of  wood,  made  it  immediately  all  over  luminous; 
though,  when  the  moisture  was  dried  up,  the  light  was  eztin. 
guished. 

The  abb^  Nollet  was  much  struck  with  the  luminottsness  of  the 
^ea  when  he  was  at  Venice  In  1740 ;  and  after  taking  a  great  deal 
of  pains  to  ascertain  the  circumstances  of  it,  concluded  that  it  was 
occasioned  by  a  shining  insect;  and  having  examined  the  water 
Very  often,  he  at  length  did  find  a  small  insect,  which  he  partica* 
larly  describes,  and  to  which  he  attributes  the  light.  The  same 
hypothesis  had  also  occurred  to  M.Vianelli,  professor  of  medicine 
in  Chioggia,  near  Venice;  and  both  he  and  M.  Grizellini,  a  phy. 
feician  in  Venice,  have  given  drawings  of  the  insects  from  which 
they  imagined  this  light  to  proceed. 

The  able  was  the  more  confirmed  in  this  hypothesis,  by  observ. 
lug,  some  time  after,  the  motion  of  some  lumitious  particles  in  the 
Bca*  For,  going  into  the  water,  and  keeping  his  head  just  abo?e 
the  surface,  he  saw  them  dart  from  the  bottom,  which  was  covered 
vi'ith  weeds,  to  the  top,  in  a  manner  which  he  thought  very  much 
resembled  the  motions  of  insects ;  though,  when  he  endeavoured 
to  catch  them,  he  only  found  some  luminous  spots  upon  his  hand* 
kerchief,  which  were  enlarged  when  he  pressed  them  with  hit 
finger. 

M.  Le  Roi,  making  a  voyage  on  the  Mediterranean,  presently 
after  the  abb£  Nollet  made  his  observations  at  Venice,  took  no. 
tice,  that  in  the  day-time  the  prow  of  the  ship  in  motion  threw 
up  many  small  particles,  which,  falling  upon  the  water,  rolled 
opon  the  surface  of  the  sea  for  a  few  seconds  before  they  mixed 
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with  it ;  bikI  in  the  night  the  tame  piTliclei,  u  Ii*-  coDdndpd, 
the  ippranoc^  of  fire.  Tiking  ■  quantity  of  ibe  water,  the  si 
Mnall  ipailu  appraret]  •  hcncTer  it  was  Bgitalrd  ;  bit,  as  was  obf  J 
•frrpil  with  rv»|)<-ci  to  Dr.  D«il's  eiperim^nti,  netj  sacctssir*  I 
tfit.iiiun  prniluc«il  a  less  effect  than  the  preceding,  eiccpl  artef  I 
bring  KDtfcTrd  In  rest  awhile;  Tor  then  a  Tre^h  agitation  vout^  | 
make  it  alinott  as  luminuus  as  the  first.  Thia  waler,  be  obtcrte^  [ 
aualJ  rrtiin  its  properly  of  shining  by  agilalion  a  day  or  Ikoi  | 
bat  (t  (JtsappeareU  immeilialely  an  being  set  on  the  fir«,  thoDjjh  if  .1 
•as  aot  niBile  to  boil. 

M.  Am.  MBitiii  made  many  experiments  on  the  light  of  fi.(h«%  I 
vith  ■  iie\i  In  disc'itir  the  came  of  the  light  of  the  sra.     II9  I 
thought  thai  he  hud  n-aioii  to  conclude,  from  a  great  (arjely  €f  I 
fsperimriits,   lli;ii  all  bra.6shes  hare  thi^  pr(i)}erty  ;   but   that  it  i^  I 
Dot  (o  be  found  in  any  that  are  produced  in  fresh  valer.    Nolhii^  j 
in  hii   opinion   ilr|H'Uded   upon  the   coluur  ol'   ihe   fisbes,  except 
that  be  ihoa(>ht  (liat  the  uhtii-  ones,  anil  ••tpxiailj  tliose  thai  had  | 
white  «c>l*«,  «•  re  a  little  more  luminous  than  others.     Thi>  ligh^   J 
ke  found,  <■■»  inirvaseil   by  t  small  quantity  of  salt;  and  also  b|r   1 
•  imall  drgit-e  of  vtrmth,  though  a  greater  decree  txlinguisbed 
it,      Tbis  o^reei  wilh  another  obsertaiii'n   0/  his,  that  it    depends 
euiinly  upon  ■  kind  of  moisture  trhich  lh>y  had  about  th'-m,  anl 
•hich  a  nmnll  d<-f-ree  of  beat  would  e»i*l,  it  hen  an  oilines*  remi 
rd  ohicti  did  not  give  Ihij  light,  but  would  horn  in  the  fire,    higkt 
tnm  (he  lli-»b  of  birds  01  beails  is  not  so  bright,  he  sa)s,  as  that 
'    which  proceeds  from  fishe*.      Human  bodies,   be  says,  bare  st^me- 
I    limes  emitifd  light  about  the  time  that  they  began   to  putrify,   and 
.the  waJU  and  ruuf  of  a  place   in   nhich  t'ead  bodies  had  oflea 
been  eapoH-d.   hbd  a  kind  of  dew   or  clamminess  upon   it,   whicll 
Has  >omr{iBi«s  lominuus)  and   he  imagined  that  the  lights  which 
are  laid  ta  be  seen  in  burning. grounds  may  be  owing  to  tbli 

Froa  lonw  experiments  made  by  Mr,  Canton,   he  concludeip 
tbitt  Ibe  lBatinou>nes(  of  sea.waler  is  owing  to  the  tlimy  and  other    I 
pulresreol  substances  it  cun'aitts.     On  the  evening  of  Ihr  14lh  ei  I 
June  1768,   he  pat  a  small  Iresh  whiting  ii>tu  a  );Bllon  of  sea-uater,   ' 
I  ID  a  pan  wbicb  was  about   fourteen  ini^hes   in    diami-lir,  and  took 
..notice  that  neither  the  Mhiiing  nor  the  wat<r,  when  agitated,  gars 
.  any  light.     A  Fahrenheit's   thermomeUr,  in  the  cellar  where  tb* 
.  pAO  was  placed,  stood  at  6i°.     The   lith,  at  aight,  that  part  at 
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the  fish  which  waseren  with  the  surface  of  the  water  was  loininovf, 
bat  the  water  itself  was  dark.  He  drew  the  end  of  the  stick 
through  it,  from  one  side  of  the  pan  to  the  other,  and  the  water  ap. 
peared  laminoas  behind  the  stick  all  the  waj,  but  gave  light  only 
where  it  was  disturbed.  When  all  the  water  was  stirred,  tho 
whole  became  luminous,  and  appeared  like  milk,  gifing  a  conai^ 
derable  degree  of  light  to  the  side  of  the  pan  ;  and  it  continued  ta 
do  so  for  sdme  time  after  it  was  at  rest.  The  water  was  most  \vtm 
minons  when  the  fish  had  been  in  it  about  twenty.eight  hours ;  but 
would  not  give  any  light  by  being  stirred,  after  it  had  been  ia  it 
three  days. 

He  then  put  a  gallon  of  fresh  water  into  one  pan,  and  an  equd 

quantity  of  sea.water  into  another,  and  into  each  pan  he  p«t  a 

fresh  herring  of  about  three  ounces.     The  next  night  the  whole 

aurface  of  the  sea- water  was  luminous,  without  being  stirred ;  bat 

tt  was  much  more  so  when  it  was  put  into  motion ;  and  the  upper 

part  of  the  herring,  which  was  considerably  below  the  surface  of 

the  water,  was  also  very  bright ;  while  at  the  same  time  the  freah 

water,  and  the  fish  that  was  in  it,  were  quite  dark.     There  Were 

'aereral    Tery  bright    luminous  spots    on  different  parts  of   tte 

aurfice  of  the  sea. water ;  and  the  whole,  when  riewed   by  tin 

light  of  a  candle,  seemed  corered  with  a  greasy  scvm.    The  third 

Dight>  the  light  of  the  sea- water,  while  at  rest,  was  very  little.  If 

at  all,  less  than  before  ;  but  when  stirred  its  light  was  so  great  aa 

to  discover  the  time  by  a  watch,  and  the  fish  in  it  appeared  as  a 

dark  substance.     After  this  its  light  was  evidently  decreasing,  bat 

was  not  quite  gone  before  the  7th  night.     The  fresh  water  and  dM 

fish  in  it  were  perfectly  dark  during  the  whole  time.    The  dM- 

mometer  was  generally  above  00°. 

The  preceding  experiments  were  made  with  sea^waterj  bathe 
-  DOW  made  use  of  otlier  water,  into  which  he  put  common  or  sea. 
salt,  till  he  found  by  an  hydrometer  that  it  was  of  the  same  specU 
fie  gravity  with  the  sea- water ;  and,  at  the  same  time,  in  another 
gallon  of  water,  he  dissolved  two  pounds  of  salt,  and  into  each  of 
these  waters  he  put  a  small  fresh  herring.  The  next  evening  the 
whole  surface  of  the  artificial  sea.water  was  lunrinous  without  be- 
ing stirred  ;  but  gave  much  more  light  when  ft  Was  disfurb^.  It 
appeared  exactly  like  the  real  8ea« water  in  the  preceding  ezperi« 
'  rnent;  its  light  lasted  about  the  same  time,  and  went  off  in  the  aasie 
mimner :  whiia  £b»  other  water,  which  Iras  alttiMt  as  lalt  Itt  it 
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f«iiU  b*  vmdr,  nnvr  five  •aj-  ttgbi.  The  bnting  «Uch  w« 
MkcK  0«t  »f   it  tbc  SPTKilh  nigbt,    and  wubnl   fr*a   Its  »a|t, 

••sroamlfinn  and  ■«««(  i  bat  tlw  otber  hertiMg  au  rery  Mft^^ 
pairM,  mvcta  not*  M  tban  thai  irfakh  had  be«ii  kept  aa  loag  l» 
fmli  >al*f.  f r  a  herring,  ia  (rami  ««atber,  be  put  i»tm  Ma  pl> 
Ion*  of  arttftcial  lea-irater,  instead  sf  one,  the  water,  be  aj% 
Kill  uill  bvcone  Inminous,  but  it>  light  will  ni>t  be  m  Hraag. 

If  appMird  bj  aame  of  the  fint  obMnatitm  mi   tki*  tiilijw  1^    ' 
Itat  hm   exlinftiishfs  (he  light  of   pnlrcscc-nt  sahrtancn.     Hr. 
Ctnloii  a)*o   altended   lu   (hi^   circumilaBcr ;  aod  obaerres,  that 
dwusb  lh«  greatest  smnroer  heat  tj  oell  known  to  protoote  putre^ 
fcnion,  fet  Iweatj  degreei  aiore  than   (Lai  a4  the  buiaail  I 
•Mos  to  Uodfr  it.     For  patting  a  small   pi^ce  of  a  l«ni«<i>  t/ik  j 
IMs  ■  tkim  glaii  ball,  lie  foaod,  (bat  water  «f  tbe  boat  of  I  It   ' 
ikfma  would  eitinguiah  its  tight  ia  lets  th(n  half  a  misiite ;  bi 
ftjl,  oa  taking  it  out  of  the  water,  it  woulil  befjn  to  recorer  to 
%!i(  in  about  len  wconds  ;  but  it  was  nerer  afterwards  u  bright 
KAab>rar«. 

r.Catktatt  nadp  the  same  obaerration  that  Mr.  Ant.  Martia 
to0«,  via.  that  aevent  kiiiAt  uf  river  fishes  could  not  be  made 
I  4b  git*  SgM,  in  th«  fame  ctrcunnlancei  in  which  any  tea.fith  b^ 
He  says,  howrrer,  that  a  piece  of  carp  made  the 
,  though  (he  oultide,  or  scaly  part  of  it,  did 
I  toot  abine  at  all. 

For  the  sake  of  those  persons    who  maj  choose  to  repeat  his 

I  'mperioientt,  be  obserre^,   thai  ariificiil  sea-water  may  be  made 

I  wUhoBt  the  age  of  an   hydrometer,   by   the  proportion   of  fovr 

Lvunrvs  aToirdupois  of  salt,  to  teren  pints  of  water,  wlne.tDoaaure. 

Ffom   undoubted   obwrtatiom,    however,    it  appears,   tba[   in 

■  Manj  places  of  the  ocenn  it  is  covered  with  luminoui  insects  to  a 

1   «Ty  considerable  extent.     Mr.  Uagelet,    a   French  astronumer, 

«Ini  rMurnad  frmn  the  Terra  Anslralis,  in  the  year  1774,  brought 

with  Ub  tererti  kinds  of  worms,   which  shine  in  water  when  it  is 

I  -let  in  notlott  ;  end  M.  Rigaud,  in  a  paper  inserted  (if  we  are  not 

V.JDht»keB)  !■  the  Journal  <I«3  Sfsvins,  for  the  month  of  March, 

^770*  «fim>,  Alt  the  tooiinous  surface  of  the  sea,  from  the  port 

I   «f  Bfpsl,   to  tbe  Antilles,  cunluns  an  immrnKe  quantity  of  little, 

Tomd,  ehiotng  poljpusps,  of  about  a  quarter  uf  a  line  in  a  dii. 

Other  learned  men,  who  acknowledge  thi*  exiitonce  of 

theae  iuminous  anitnals,  cannot,  however,  be  persuaded  (o  comidar 
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tliem  ts  the  cause  of  all  that  light  and  scintillation  that  appear  on 
the  surface  of  the  ocean :  they  think  that  some  substance  of  tlie 
phosphorus  kind,  arising  from  putrefaction,  must  be  admitted  as 
one  of  the  causes  of  this  phenomenon.  M.  Godboo  has  published 
curious  observations  on  a  kind  of  fish  called,  in  French,  boniie^ 
already  mentioned ;  and  though  he  has  observed,  and  accurately 
described,  several  of  the  luminous  insects  that  are  found  in  tea* 
water,  he  is,  nevertheless,  of  opinion,  that  the  scintillation  and 
flaming  light  of  the  sea  proceed  from  the  oily  and  greasy  sab* 
stances  with  which  it  impregnated.^ 

The  abb6  NoUet  was  long  of  opinion,  that  the  light  of  the  sea 
proceeded  from  electricity,  though  he  afterwards  seemed  inclined 
to  think,  that  this  phenomenon  was  caused  by  small  animals,  either 
by  their  luminous  aspect,  or  at  least  by  some  liquor  or  effluvia 
which  they  emitted*  lie  did  not,  however,  exclude  other  causes; 
among  these,  the  spawn  or  fry  of  fish  deserves  to  be  noticed* 
M.Dagelet,  sailing  into  the  bay  of  Antoifil,  in  the  island  of  Ma. 
dagascar,  observed  a  prodigious  quantity  of  fry,  which  covered 
the  surface  of  the  sea  above  a  mile  in  length,  and  which  he  at  first 
took  for  banks  of  sand,  on  account  of  their  colour;  they  exhaled 
A  disagreeable  odour,  and  the  sea  had  appeared  with  nncommoD 
splendor  some  days  before.  The  same  accurate  observer,  per. 
ceiving  the  sea  remarkably  luminous,  in  the  road  to  the  Cape  of 
Good  Hope,  during  a  perfect  calm,  remarked,  that  the  oars  of 
the  canoes  produced  a  whitish  and  pearly  kind  of  lustre ;  when 
he  touk  in  his  hand  the  water  which  contained  this  phosphorus,  ha 
discerned  in  it,  for  some  minutes,  globules  of  light  as  large  as  tha 
heads  of  pins.  When  he  pressed  these  globules,  they  appeared  to 
his  touch  like  a  soft  and  thin  pulp ;  and  some  days  after  the  sea 
was  covered,  near  the  coasts,  with  whole  banks  of  these  little 
fish,  in  innumerable  multitudes. 

To  putrefaction,  also,  some  arc  willing  to  attribute  that  Inmi- 
nous  appearance  which  goes  by  the  name  of  Ignis  Fatuus.  It  is 
most  frequently  observed  iu  boggy  places,  and  near  rivers,  though 
sometimes  also  in  dry  places.  By  its  appearance,  benighted  tra. 
Tellers  are  said  to  have  been  sometimes  misled  into  marshy  placeS| 
taking  the  light  which  they  saw  before  them  for  a  candle  at  a  dis* 
tance;  from  which  seemingly  mischievous  property  it  has  been 
thought,  by  the  vulgar,  to  be  a  spirit  of  a  malignant  nature,  and 
been  named  accordingly  WilLwith-a^wispy  or  Jack-witb-a-lao* 


far  the  sune  reuon  aUo  It  probably  had  its  Latin  nams  1 
l|ni&  fitnai. 

Tbi»  kind  of  liuhl  ii  said  to  be  frequfnt  aboal  barjJng  place! 
tod  dung.hilU.  SoDir  countries  srp  ahn  rctnaTkHblp  for  it,  al 
•bout  Bologaa,  in  Italy ;  and  some  parts  of  Spnln  and  Ethiopia. 
Wv  haTi-  noticed  and  endesToared  to  account  for  this  phpnomenoa 
drvadjr :  bat  as  the  following  curroas  example  of  it  his  tsraped  ui^ 
we  will  notice  it  iiow.  It  is  given  b;  Doctor  Sbaw,  in  his  Travel!  ' 
Id  Ihf  Holy  Land. 

Lppe«r«d  in  the  valleys  of  moanl  Kphraim,  and  attended  fain 
Hd  his  company  for  more  than  an  hour.  SoDXIiinea  it  woultl 
Ippear  globular,  or  in  the  shape  of  the  Snme  o(  a  candle;  at 
it  would  sprf^d  to  such  a  decree  as  to  inTolrc  (he  whola 
empaay  In  a  pale  inaffetisiTe  lii;lit,  then  coiitracl  itself,  and  sud- 
Imly  disappear;  bat  in  less  than  a  miiiule  would  appear  again; 
lometimes  running  swiflly  aluiig,  it  would  expand  itself  at  certain 
^lettaU,  over  more  than  two  or  three  acfes  of  tlie  adjacent  moun. 
The  atmosphere,  from  the  beginning  of  Uie  erening,  had 
been  remarkabty  thick  and  haiy;  and  the  dew,  as  they  felt  it  on 
Uie  bridles  of  (heir  hordes,  was  very  clammy  and  uncluoud. 

'e  have  also  already  observed  that  lights  resembling  the  ignis 
IS  are  sometimes  to  be  met  h  ith  at  sea,  skipping  about  the  masts 
sad  riggingof  ships;  and  Dr. Shaw  informs  us,  that  he  has  seen  these 
Id  such  weather  as  that  jast  mentioned,  when  he  saw  the  ignis  fatuui 
ip  PaleAtiiir.  Simitar  appearanres  have  been  observed  in  various 
'Other  situations  ;  and  we  are  lold  of  one  which  appeared  alioul  the 
wd  of  A  woman  in  iMilan,  surrounding  it.  ns  well  as  her  body,  en. 
irely.  Tbt*  light  fled  from  the  hand  which  approached  it ;  but  wai 
KlragUi  entirely  dispened  by  the  motion  of  the  air. 

Pkilotopkif  of  Spontaneous  lilamination. 
It  IS  a  fact  now  fully  ascertained  and  rendered  incontestable, 
Uui  UBhtkaaa  consideraMe  iiiflutnce  upon  all  animal  and  vege. 
•'table  liitngiabstaoces,  exposed  to  its  intiuence:  ihal  all  imbibe  it 
■Id  Mine  dfgree,  and  many  rapidly  and  voraciously.  Mott  of  the 
*diKous  flowen,  by  some  po«er  unknown  to  us,  follow  the  sun  in 
Tliey  attend  him  to  his  evening  relrtat,  and  meet  hi! 
^Aing  luctre  in  the  morning  with  the  same  unerring  law.  Jf  n 
it  shut  op  in  a  dark  room,  and  a  small  hole  is  afliT. 
It  oftened  by  which  the  li^ht  of  the  snu  may  enU.-r,  the  plant 
LI  turn  towards  that  hole,  and  even  alter  iti  own  shape  iu  order 
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to  get  netr  it ;  so  tbit  though  it  was  straight  beftHne,  it  will  in  4iiiui 
become  crooked,  that  it  may  get  near  the  light.  It  is  not  Urn 
heat,  bat  tlie  light  of  the  aun,  which  it  thus  co? ets ;  for,  though 
a  fire  be  kept  in  the  room,  capable  of  giTing  a  much  stronger  heat 
than  the  sun,  the  plant  will  turn  away  from  the  fire  in  order  to 
enjoy  the  son's  light.  The  green  colour  of  plants  also  depends  on 
the  sun's  light  being  allowed  to  shine  upon  them ;  for  without  this 
tliey  are  always  white. 

With  the  Tarious  secretions,  and  eren  solid  parts  of  many  of 
tRese  substances,  the  matter  of  light  unites  most  intimately ;  in 
otiier  classes  of  animals  and  vegetables  it  exists  more  loosely,  ami 
consequently  is  more  easily  separated  from  them. 

This  separation  appears  to  take  place  in  two  ways :  first*  dnriiy 
life,  by  a  peculiar  set  of  organs,  which  have  a  power  of  secretiiif 
it  from  the  general  fluids  of  the  rest  of  the  body ;  and  secondly, 
t»y  the  tendency  to  decomposition,  which  uniformly  takes  place 
fipon  death ;  in  consequence  of  which,  agreeably  to  the  universal 
law  of  diemical  affinity,  homogeneous  particles  unite  themselves 
with  homogeneous  particles,  and  escape  in  a  more  sensible,  be» 
cause  in  a  more  aggregate  and  concentrated  form. 

Upon  this  simple  view  of  the  subject  we  may  easily  account  for 
all  the  phssnomena  noticed  by  successive  observers,  and  narrated 
in  the  preceding  part  of  this  article,  as  well  as  for  a  variety  of 
others  of  a  similar  character.  The  light  thus  thrown  forth  was 
till  very  lately  regarded  as  phosphorescent,  especially  by  Spallaa* 
sani  and  Fourcroy ;  while  Caradin  believed  it  to  be  innate,  and 
formed  by  some  chemical  process  of  the  organs  of  the  animal  exhL 
biting  it.  That  it  is  not  of  a  phosphoric  nature  is  clearly  proved, 
because  it  is  in  no  instance,  and  in  no  respect  inflammable ;  and 
hence  we  have  preferred  to  treat  upon  this  subject  under  the  pre- 
sent title^  rather  than  under  that  of  phosphorescent  substances^ 
the  title  generally  selected  by  which  to  characterize  them.  But 
whether  it  be  not  in  some  instances  generated  internally,  inatead 
of  being  derived  ab  extra,  is  by  no  means  equally  well  ascertained* 
Many  luminous  animals  appear  to  shun  the  light  of  the  day^  and 
seem  scarcely  to  expose  themselves  sufliciently  to  its  Influence,  to 
be  able  to  throw  forth  such  a  quantity  as  we  see  istae  from  their 
bodies.  Yet,  on  the  other  hand,  it  abonld  not  be  Ibffgotten  tiiat 
almost  all  substances  whatever,  mineral  as  wall  as  animal  and 
vegetable,  and  gasseons  and  liquid  4»  well  as  aolid,  absorb  and 
contain  a^raat  qnantUj  of  lattat  light,  a  part  of  iilikh  auiy  aiitar 
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inlo  lh«  bodki  of  luminou*  animals,  in  tb«  form  of  food,  and  miy 
fai'  separ&ted  from  ite  reipectiTc  combiaatious  by   it«  lui 

Living  luminous  Subtlancer. 
These  ■re  T^rj  nnnierouf,  though  they  have  never  hJiherta  beei 
■fnngfd  into  any  tlistinet  class ilication,  or  tabular  form, 
cotiiist  chiefly,  and  almost  exclaxiTeiy,  of  intects  and  soopkiflei 
muilateoui  worm»  /   though   instances  are  occaEioaally  met  i 
imong  other  warms.     Insects  fiirnish  nearly  a  Aotkn  distinct  | 
Bfra,  of  which  almo«t  alL  the  species  are  lui 
are  the  lampym,  or  glow.woroi,  and  lire.fiy  tribe* ;  the  fulgon 
or  laii(«rn>fly ;  the  scolopendra,  or  centipede  ;  the  fansus  apter^ 
eenin ;  the  elater  noctllurus,  and  the  cancer  fulgens.     Among  tlH>9 
irarm.cUss  the  principal  are  the  phloas,  or  pholas,  as  it  ii  r 
|encrally,  balerruneoit'l;  denominated,  the  pyrosoma,  the  medaflk  I 
pho5phnre*,  the  nereis  noctiluca,  the  pennatula,  or  sea  pen 
rioui  •pecies  ot  the  sepia  or  cntlle-fish.     The  aCmospher 
pans  of  Italy  appears  occasionally  to  l)eon  fire,  in  the  evening,  frotfj 
the  great  qnantitjes  of  one  species  of  the  lampyris  that  throng  togta'^ 
(Iter.  A  siaglt  indiviilDal  of  the  South. American  fuigora,  fixed  tipi 
the  top  of  a  cane,  or  other  MalT,  will  afford  light  enough  to  read  bj'in 
The  streams  of  light  that  issue  from  the  elater  noctilui 
llrong  in  the  night,  that  even  the  smallest  print  may  be  read  fa 
Iheir  luure.     The  pyrosama,   when  at   rest,   emits  a  pale  biM 
luMre  ;  but  when  in  motion  a  much  stronger  light,  variegaied  I 
■11  ItMi  colours  of  the  rainbow.      The  phloas  secretes  i 
Jtice,  errry  drop  of   which  illuminates,    for  a  length  of  tim 
vbaterer  snbstance  it  falls  upon,  or  even  touches  ;  and  the  animdf^ 
■ftet  death,  DMy  be  preserved  so  as  to  retain  ili  luminous  pcwsr  1 
farat  Veutn  tw*lv«monIh.     The  noctilucent  nereis  often  illur 
tiates,  by  Us  nvmbers,  the  waters  it  inhabits,  to  a  very  c 
able  exl«itt;  and  gives  so  bright  a  splendour  to  the  waves  that, 
like  the  atnoipbero  when  lighted  up  by  the  lampyris  italica,  they 
appear  as  though  Ihey  were  in  a  fnll  flame.     The  organ  from  which 
the  Inminons  matler  U  thrown  forth,  in  these  different  animals,  Is 
Vl  a  very  diflfe«nt  character,  and  plained  in  very  dlBFercnt  part!  of 
fte  body  ;   •omcllme?  in  the  head,  aomelimes  in  the  laii,  sometimes 
In  th«  aBtoonu,  sometimes  ovar  the  surface  generally. 
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Dead  luminous  Substances. 

Light,  as  we  hare  already  obserfcd,  being  more  or  leu  ab. 
lorbed  by  bodies  of  all  kinds,  may  be  expected,  under  circum- 
stances which  tend  to  unite  or  aggregate  its  particles,  to  flow  off 
in  a  percipient  form  from  all  those  which  have  absorbed  il  in  a 
greater  degree,  or  retain  it  after  absorption  in  a  looser  manner  thaa 
others.  Thus  it  exists  in  the  shells  of  marine.fishes,  or  testaceous 
worms,  and  is  set  at  liberty  and  flows  off  in  a  Tisible  form  after 
calcination.  It  exists  in  the  dead  trunks  of  Tarious  vegetables; 
and  hence,  on  the  commencement  of  a  putrefactire  decompositioQi 
the  particles  unite  together  agreeably  to  the  laws  of  chemical  a(fi« 
Dity,  and  flow  off  in  like  manner :  whence  the  luminous  appear* 
anre  exhibited  in  various  species  of  rotten. wood.  It  exists  largely 
in  the  bodies  of  many  kinds  of  animals,  and  more  largely  in  some 
animal  organs  than  in  others ;  hence  we  see  it  issuing  sometimes 
from  putresceut  flesh,  sometimes  from  boneS|  teeth,  bezoarSi 
nephritic,  and  urinary  calculi,  and  egg.shells  that  have  been  ex* 
posed  to  the  sun. 

In  marine  fishes  it  appears  to  be  more  accumulated  than  in  the 
bodies  of  any  animals,  though  for  want  of  appropriate  luminous 
organs  these  are  not  found  to  secrete  it  (at  least  not  aggregately  and 
palpably)  during  life. 

For  the  best  experiments  we  possess  upon  this  subject  we  are 
indebted  to  Dr.  llulme,  who,  while  he  has  rectified  many  errors 
of  the  analysts,  has  confirmed  the  more  important  and  more  Talo« 
able.  Dr.  Uulrae  found  that  light  is  one  of  the  first,  perhaps  the 
first  elementary  substance  that  flies  off  during  decomposition: 
hence  it  can  only  be  obtained  from  putrescent  fishes,  or  pieces  of 
fishes  in  a  putrescent  state  or  stage  of  incipient  putrefaction ;  for 
after  putrefaction  is  completed,  light  escapes  no  longer  in  a  visible 
form,  either  forming  new  combinations  with  the  other  gassea  that 
are  now  escaping,  or  perhaps  having  entirely  escaped  already.  He 
found,  also,  that  it  was  in  a  considerable  degree  adhesive,  and 
would  continue  attached  to  the  surface  of  the  body  that  had  emit, 
ted  it,  or  to  the  fingers  or  any  other  substance  to  wliich  it  was 
transferred  by  scraping.  Thus  pieces  of  herring  were  observed  to 
continue  luminous  for  9boiit  fortyi.eight,  and  thence  to  sixty  hours 
after  they  first  discovered  light,  and  then  ceased  to  be  luminous  any 
longer.    Having  scraped  off  the  luminous  body,  he  mixed  it  with 
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loliUioni  of  Epsom  and  other  trails,  and  fognt!  ihat  in  »Iigbt  sotn. 
tiun*  it  shone  bri^hlpr :  but  that   in  strong  solutions  it  bccnai 
ipparentl/  cTtin^uisheJ,  thuugh  it  again  ri-vUeJ  by  miting  n 
Tiler,  Hnd   rr^ucme  the  solution  to  its  prnpir  debilit}  ;   and   tbn 
t/  altfrnatelv  addin,;  Tresh  salt,  and  new  supplies  uf  vater,  be  h 
mmetimes  reTJTed  tlie  same  lijjht  after  (en  extioctions.     Great  coM 
and  hMl  are  altn  found  to  pxiinguish  it ;  )pt  a  moderate  heat  i 
der<  it  more  brilliniii:  it  begiDS  to  be  exttnguished  at  DS";    ailtfl 
m\wn  ih«  tbermomet*  r  i«  raiii>'d  to  100  it  tan  b«  no  more  re*i*ed,W 
Jt  is  howercT  capable  of  being  revived,  after  being  frozen  by  frigiwfl 
rilic  mixtures. 

It  is  therefore  an  anomalous  fact,  (hat  the  light  of  dpad  gloi 
vartiis  cgntiDuet  to  augment  in  heated  water,  incieaied  to  IM 

Laminou»  appearance  of  the  Sea. 
Fkom  what  has  already  b^en  observed,  this  beautiful  and  brik  I 
liant  phenomeiioD  is  not  dilficult  to  be  ai^cauoted  for  in  most  caseit 
liir  the  vast  mass  of  the  ocean  contains  In  itself  whatever  has   thtl 
|rea(esl  tendency  to  the  proiluction  of  such  a  phenomenon.     It  11 
(h^  natural  pruvlQceof  th?  greater  ninnber  of  (host!  animals  thai  I 
Ircteti.-  light  from  peculiar  organs  wilh  which  they  are  endowed  for   I 
purpose,  of  phloadei,  nereids,   medusas,  and  luminous  caOa 
;  it  holds  in  its  immense  bosom,  at  all  times,  an  enormou 
quantity  of  that  kind  of  aaimal  matter,  (marine  fishes)  Mliich  is  J 
IBOit  disposed  to  throw  forth  its  latent  light,   In  an   aggregate   and   ] 
Tisible  form,  during  its  litst  progress  of  decomposition  ;  and  unitBi 
'fte  different  circomstancts  which  chiefly  favour  such  an  evolution  j 
icb,  for  instance,  as  a  Huid  menstroum,  temperate  warmth,  anit 
'tsotation  of  moriat  of  soda  or  common  suit, 

U  then  we  see  occasionally,  in  vegetable  matter  nndergolng  «   I 

•low  decomposition,  as  in  rotten  wood,  a  certain  portion  of  light  I 

, poured  (ovth  in  a  visible  form  ;  if  we  see  it  issuing  in  a  still  greatef  ] 

df^ree  from  bones  and  shells  that  have  undergone  the  process  of  j 

alcination;  it  we  see  it  still   more  freely  at  times,  and  undef   f 

ircumslancfS,   thrown  forth   from   the  animal  eiovia  of  church. 

^rds,  and  adhering  to  the  surface  of  the  spot  from  which  it  is 

Id  like  manner  as  the  light  sc 

tresceni  fishes,  immersed  ii 

•.  fingers  that  are  employed  for  this  purpose;  how  much  mora 
•uOy  may  we  expect  to  see  it  Ibrowa  forth,  and  ii 


raped  off  from  the  scales  of  pieces  of 
I  to  the  knife  or 
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larger  qiuntitiei,  from  different  parti  of  the  ocean,  under  6ircu|i^ 
stances  that  may  faronr  its  escape ;  often  adhering  to  the  sides  of' 
vessels,  or  of  their  oars  as  they  are  alternately  raised  from  Hit 
water,  and  producing  a  long  line,  or  an  extended  sheet,  of  woo* 
derfnl  brilliancy^  not  uufrequently  variegated  by  every  playfuliiesf 
of  colour* 

It  appears  obvious,  moreover,  that  it  is  not  tp  one  cause  ooly, 
but  to  many,  that  such  phasnomena  are  to  be  ascribed,  at  differaat 
periods,  and  in  different  parts  of  the  world.  Linnaeus  iocHufid  to 
confine  it  chiefly  to  vast  flocks  of  the  nereis  tribe :  but  we  hftM 
already  observed,  that  even  at  sea,  and  among  livipg  animalSi 
medusas,  sapias,  pennatulas,  pyrosomas,  and  phloades  equally 
concur :  while,  on  other  occasions,  the  waves  appear  brilUantyr 
illuminated,  and  through  a  very  extensive  range,  without  i^  tniC9 
of  any  living  substance  whatever,  possessed  of  a  luminous  power; 
and  can  only  acquire  their  light  from  the  decomposition  of  dead 
animal  matter.  [^PantQhgim* 


CHAP.  IX. 

•  PONTANCOUe  COMBUSTION. 

Is  the  preceding  chapter  we  have  confined  our  remarks  to  snk 
stances  which  spontaneously  emit  light  with  little  or  no  increaae  of 
sensible  heat  In  the  present  we  shall  have  to  notice  other  snJ^ 
stances  that  spontaneously  emit  heat,  and  burn,  either  in  pODJano* 
tion  with  lij^ht,  or,  as  very  frequently  happens,  without  any  light 
whatever :  in  the  course  of  which  we  shall  have  to  glance  nt  4ome 
very  remarkable  and  interestipg  effects,  which  to  this  hour  have 
never  been  satisfactorily  explained. 

Spontaneous  combustion,  as  a  general  fact,  is  well  known;  and 
the  more  common  causes  are  too  obvious  to  be  enlarged  upon ;  we 
need  only  refer  to  friction  and  its  effects,  to  the  heat  pro4iiced  by 
the  slacking  of  lime  when  in  contact  with  combustible  matter,  to 
the  fermentation  of  hay,  of  dunghillsi  and  of  imV^  materials 
similarly  disposed. 

But  besides  these  more  common  cauMtii  experigfkce  ^  4hei[a 
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C  HMBjr  fpgrtable  lubstances,  liighly  dried  aud  heaped  together, 

4  be«t,  (curch,  and  at  loiil  burn  into  Hame.     Of  tfaesc  the  moat 

'  a  a  mixture  of  the  eijircMed  oil  of  the  Tiirinaceiias 

kI»,  u  rape  or  linseed  oil,  wiih  almost  Bay  other  dry  tegetable 

,  tttch  as  hKDip,  coltuii,  malting,  &c.  and  still  mure,  if  alia 

1  with  lamp.bladc,  or  toy  CBrbonaceous  tub&iaace.     Theie 

•  i/kept  fur  a  lime  undialurbed,  in  close  buudles,  and  in  a 

D  lenpcrature,  even  in  small  quantities,  will  often  hett,  and 

n  widi  a  mouldi-ring  6re  for  Boine  honrs ;  and  if  air  be  admitted 

will  then  bnrst  into  flame.     To  this  without  doubt  may  he 

ib«le4  MTeral  accidental  conflagrations  in  itorehouses,  and 

1  where  quantities  af  these  substaiicpi  are  kept,  as  hn  been 

!■!  by  direct  eaperimEnls.    The  most  JmporlanI  of  these  <>xpe< 

rts  were  mad*  by  Mr.  George,  and  a  commillce  of  the  Royal 

idegiy  at  P«tersbarf;h,  iu  the  year  1781,  in  consequence  of  the 

•traction,  by  fire,  of  a   frigate  in    the  harbour  of  Cronslailt; 

:onSkgT«tian  of  a  large  hemp  magazine,  in  the  same  place,  in 

■arae  ye«r ;  and  a  alight  Sre  on  board  another  frigate,  in  the 

e  port,  in  the  following  year. 

These  accidenfi  led  to  a  very  strict  eiamination  of  the  subject, 

isiisD  goremment ;   when  it  came  out,  thai  at  the  lime  of 

A  accident,  lereral  parcels  of  matting,  lied  with  pack- 

a  which  the  toot  of  barnt  fir-wood  had  been  mixed  with 

I,  for  painting  the  ship,  had  lieen  lying  some  time  on  the  lloor  of 

It  csbici,  whence  the  fire  broke  out.     In  consequence  of  which, 

r  following  experiments  were  made:  forty  pounds  of  tir-wood 

t  were  soaked  with  aboat  thirty-live  pounds  of  hemp  oil  var. 

nd  tiM  whole  was  wrapped  up  in  a  mat,  and  put  Jn  a  clow 

In  about  sialeen  hours  it  was  obserred  to  give  out  a  «moke, 

ioh  T*pidly  increased,  and  when  the  door  was  opened,  and   the 

^tr*«ly  admitted,  the  whole  burst  into  a  Bame.      Three  pounde 

t-bteck  wrre  mixed  with  five  pounds  of  hemp-oil  rarnish,  and 

ifce  whol*  bOBDd  up  in  linen,  and  shut  op  in  a  chest.      In  sixteen 

koan  it  eiBiltad  a  rery  nauseous  putrid  smell  and  steam  ;   and  two 

kourt  sftfTwardi  it  wni  actually  en  Bre,  and  burnt  to   ashes.      In 

Mather  esperinenl,  the  same  occurrences  took  place,  but  not  till 

fta  cad  of  brty-ane  hotirs  afl«T  the  minturc  had  been  made  ;  and 

in  Ibne  and  many  aimilsr  experiments,  they  all  succeeded  better, 

ml  kindled  vooner  on  bright,  than  on  rainy  days.     Chimney  soot 

««1  iaucad  of  lunp-btick  did  not  kniwer,  nor  was  any  tfieet 

tot.  Tl.  K 
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prodacedy  when  oil  of  turpentine  was  substituted  for  the  hemp  of^ 
rapei^il.  In  general  it  was  found,  that  the  accension  took  place 
more  readily  with  the  coarser  and  more  onctuoos  fir.blacki  thaa 
with  the  6ner  sorts ;  bat  the  proportions  of  the  black  to  the  oil  did 
not  appear  to  be  of  any  great  moment.  Sometimes,  in  wet  w«u 
theri  these  mixtures  only  become  hot  for  some  hoars,  and  thee 
cooled  again,  without  actually  taking  fire. 

In  all  these  cases  the  soot  or  black  was  from  wood,  and  Bot 
coal.  The  presence  of  lamp-black,  or  any  other  dry  carbonaceois 
matter,  is  not  necessary  howeyer ;  for  a  spontaneoas  iuflammatlott 
will  take  place  in  hemp  or  cotton,  simply  soaked  in  any  of  thoM 
expressed  oils,  when  in  considerable  quantity,  or  onder  drcnnu 
stances  fisTOvrable  to  this  process,  as  in  very  hot  weather,  or 
closely  shot  up.  An  accident  of  this  sort  happened  at  Gainsbo* 
rough,  in  Lincolnshire,  in  July,  1704,  with  a  bale  of  yam  of 
1901b.,  accidentally  soaked  in  rape-oil ;  which,  after  remaining  ia 
a  warehouse  for  several  days,  began  to  smoke,  to  emit  a  most 
nauseous  smell,  and  finally  to  barst  out  in  a  most  violent  flame* 
A  similar  accident,  with  a  very  small  quantity  of  the  naterialii 
happened  at  Bombay.  A  bottle  of  linseed  oil  had  been  left  stand* 
ing  on  a  chest;  this  had  been  thrown  down  by  accident  in  tlM 
night,  the  oil  ran  into  a  chest  which  contained  some  coarse  cotton 
cloth,  and  in  the  morning  the  cloth  was  found  scorching  hot,  and 
reduced  nearly  to  tinder,  and  the  wood  of  the  chest  charred  on 
the  inside.  On  subsequent  trial,  a  piece  of  the  same  cloth  was 
soaked  in  oil,  shut  up  in  a  box,  and  in  no  longer  time  than  tkrat 
hours  it  was  found  scorching  hot,  and  on  opening  the  cloth  Itbnift 
into  fire.  Similar  to  this  b  the  spontaneous  combustion  of  woqI| 
or  woollen  yarn,  which  has  occasionally  liappened  when  laifi 
quantities  have  been  kept,  heaped  up  in  rooms  little  aired,  and  la 
hot  weather.  The  oil  with  which  wool  is  dressed,  which  b  gent* 
rally  rape.oil,  appears  the  chief  agent  in  thb  combastion*  EfM 
high  dried,  oily,  or  farinaceous  matter  of  any  kind,  will  aloot 
take  fire,  when  placed  in  circnmsttnces  very  lavoarable  to  flii 
process.  Rye  flonr  roasted  till  half  parched,  and  of  tiie  coloar  of 
coffee,  and  wrapped  up  in  a'  linen  cloth,  has  been  found  to  boat 
violently,  and  to  destroy  the  cloth.  Wheat  flonr,  when  heated  in 
large  quantities,  and  highly  dried,  has  been  known  to  take  fire  in 
hot  weather,  causing  accidents  in  granaries  and  bakers*  shops.  A|^ 
accident  of  thb  kind  b  rekted  by  Count  Morrouoi  In  tho  Mtnoiii 
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tf  tlw!  Tarin  Academy,  to  bawe  happened  at  a  Sour  warehouse  at 
Turin,  cuniainiiii;  about  Ihrce  huadred  sacks  of  flour.  It  began 
hy  a  vi»l«nl  explosion,  on  a  lamp  being  brought  inlo  the  ware« 
bouiv,  and  the  whole  was  soon  ari<?r  tn  flames.  Charcoal  alone 
■bo  has  been  known  to  take  fire  in  powder. oiills,  when  quantities 
lowder  hate  been  kept  for  some  time  closely  packet). 
Another,  and  totally  different  species  of  spontaneous  combustion} 
if  that  which  occurs  during  the  oxygenation  or  vilrlolization  of 
D'rites,   or  sulpburets  of  iron,   copper,  &c. 

A  most  curious,  and,  if  not  well  authenticated,  it  icarcelj  crea 
dB>le  specie!  of  spontaneous  inflammation,  is  that  io  a  few  rare 
bttuicetr  known  tu  occur  in  Die  human  body.  It  Is  not  quk« 
Mrtain  indeed,  whether  the  first  inflammation  has  been  quite  spon* 
neons,  or  caused  by  the  approach  of  a  lighted  substance  ;  but  la 
cee  melancholy  accidents,  the  body  of  the  unfortunate  sufterers 
a  been  brought  to  ■  slate  of  such  high  combustibility,  that  the 
inc  once  kindled,  has  gone  on  without  other  fuel,  to  the  entire 
Aatruction  of  every  pari,  (the  bones  and  extremities  excepted) 
t  appean,  has  been  attended  with  actual  llame,  of  a  lam. 
bent  faint  light.  This  change  is  the  more  remarkable,  as  ttie 
Jmbiid  body,  to  all  its  usual  states,  buth  of  health  and  disease,  is 
IMrc*l]t  at  all  of  itself  combustible,  and  cannot  be  reduced  to 
without  the  asiist&nce  of  a  Tery  targe  pile  of  faggots,  or  other 
he) ;  as  gnivenal  experience,  in  the  very  ancivnt  mode  of  sepul. 
S  >□<!  the  history  of  martyrdoms,  abundantly  shews.  Cases  of 
fUt  butnan  conbustion  on  record,  have  occurred  in  difterent  coun- 
tries. Two  of  Ihem,  well  authenticated,  are  recorded  in  the 
lUIosopfikal  Transactions,  and  occurred  in  England ;  and  a  few 
I  Ilftly,  Fraiice,  atid  elsewhere.  In  all  but  one,  the  sub. 
a  of  them  have  been  females  rather  advanced  in  life,  of  indolent 
■bits,  and  apparently  much  addicted  to  spirituous  liquors. 
,  TW  accident  has  generally  been  detected  by  the  penetrating  felid 
lell  of  burning  and  sooty  films,  which  have  spread  to  a  great  * 
llance  ;  and  tbe  SDlTererB  have  io  erery  instance  been  discovered 
•d,  Aod  with  the  body  more  or  less  completely  burnt  up,  leaving 
r  the  burnt  parts  only  an  oily,  crumbly,  sooty,  and  extremely 
\fii  natter.  Another  circumstance  in  which  these  cases  all  agree, 
■  Uk  comparative  weakness  of  the  heat  produced  by  this  combos* 
nnn,  not withitan ding  the  very  complete  disorganization  of  the 
iodf  ilsdf,  la  that  the  furniture  of  the  room,  wooden  chairs,  &c. 
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fonod  within  th«  reich  of  the  baniiog  hodfj  were  in  manj  tB« 
stances  absolatelj  unhurt,  and  in  others  only  scorched ;  the  hett 
hot  hafing  been  strong  enough  to  set  them  on  fire.  It  is  iaip<»rf» 
ble  to  giTe  an  adequate  reason  for  this  remarlLable  change  >  nor 
does  it  seem  before  the  Tery  time  of  the  accident  to  hare  produced 
any  very  sensible  alteration  in  the  appearance  and  functions  of  the 
body,  which  is  certainly  a  most  astonishing  circumstance.  With 
regard  to  tlie  efibct  which  the  use  of  ardent  spirits  is  supposed  to 
hare  in  this  case,  it  is  impossible  not  to  imagine  that  this  cause  may 
contribute  largely  to  this  change ;  but  the  instances  of  the  abuse  of 
spirits  are  so  innumerable,  and  those  of  this  surprising  combuatioQ 
are  so  extremely  rare,  that  rery  little  satbfhction  can  be  obtained 
from  this  explanation.  l^Pantoiogfa. 
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!•  All  the  great  bodies  which  constitute  the  solfcr  syitem  are 
urged  towards  each  other  by  a  force  which  preserves  them  in  theb 
orbits,  and  regulates  their  motions.  This  force  liU  reoeivod  Ihb 
name  of  attraction.  Its  nature  is  unknown :  wheAer  It  be  inhe* 
rent  in  these  bodies  themseWes,  or  the  consequence  of  some  fof^gft 
agent,  are  questions  altogether  lieyond  the  readi  of  phOoso^hy, 
because  we  hare  no  method  of  deciding  the  point.  One  Wodd  be 
more  inclined  to  the  first  supposition  than  to  tiie  odieri  ts  we  can 
conceive  no  foreign  agent  sufficient  to  explain  the  ptanetaij  nO* 
tions  unless  an  intelligent  one ;  and,  for  any  thing  widdi  we  know 
to  the  contrary,  it  was  as  easy  for  the  Creator  to  faaTe  betto#ed  on 
the  planets  the  power  of  acting  on  each  other  at  a  distance,  il 
the  power  of  l>eing  acted  on,  and  receiving  motion  firoln  other  iub* 
stances. 

3.  Sir  Isaac  Newton  demonstrated,  that  Ais  plAnefAij  attrac« 
tloo  is  the  same  with  gravitation,  or  tliat  force  by  wUcb  a  heavy 
body  is  urged  towards  the  earth ;  that  it  Is  posseiMd,  not  only  by 
Mm  planets  as  wholes,  but  by  ail  their  component  paiti  also  ;  that 
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)t»  m«tut;  that  it  ei(endt  to  indefinite  distanceE;  and  that  all 
boilicj,  IS  far  as  h  known,  are  puisessed  of  it. 

3.  Wima  two  bodies  are  broughl  within  a  certain  distance,  tbsjr 
«dlirr«  together,  and  require  a  cungiderable  force  to  leparatt 
Arm.  Thii  is  the  case,  for  instance,  with  two  polished  piecei  of 
Barbie  or  glasi.  When  a  piece  of  metal,  or  indeed  almost  any 
kady  whatever,  h  plunged  into  wiler  and  drawn  out  again,  it| 
tBfface  is  moiilened,  Ihat  is  to  say,  part  of  the  water  adheres  to 
1L  When  a  rod  of  gold  is  plunged  into  mercury,  it  conies  out 
llained  indelibly  with  a  uliite  colour,  because  it  retains  and  carries 
■ilh  it  a  (KiTlioD  of  the  murcury.  Hence  it  is  evident  tSiat  there 
b  a  force  which  urges  these  bodies  towards  each  other,  and  keepf 
Atm  together;  consequently  there  is  an  attraction  between  them. 
Bodies,  therefore,  are  not  only  attracted  towards  the  earth  and 
Uk  planetary  bodies,  but  towards  each  other.  The  nature  of  this 
attraction  onaot  be  assigned  any  more  than  that  of  graTitalion; 
|Bt  its  custence  i>  equally  certain,  as  far  at  least  aj  regards  by  far 
Ike  gT*«ttT  namber  of  bodies. 

4.  In  all  cases  we  find  the  particles  of  mailer  united  together  in 
■auet;  dil&riag  indeed  from  each  other  in  magnitude,  but  con* 
toioing  all  of  them  a  great  number  of  particles.  These  particles 
TtmaJD  united,  and  cannot  be  separated  without  the  appticatiou  of 
I  cOQJiiderable  force  ;  consequently  they  are  kept  together  by  a 
frrce  which  arges  them  towards  each  other,  since  it  opposes  their 

'ytparotion.     Consequently  this  force  is  an  attraction. 

Tbas  we  aee  that  there  is  a  certain  unknown  force  which  urget 
Vxlicf  towardt  each  other  i  a  force  wlJicb  acts  not  only  upon  larg* 
Bifri-T  of  nftller,  as  the  sun  and  the  planets,  but  upou  the  smaller 
MmpoacBt  parti  of  these  bodies,  and  even  upon  the  panicles  of 
Ufakb  tbrte  bodies  are  composed.  Attraction,  therefore,  as  far  a$ 
«(  know,  extends  to  all  matter,  and  exists  mutually  between  all 
Batter.  It  is  ool  annihilated  at  how  great  a  dintance  soever  wp 
■ay  lupposc  bodies  to  be  placed  from  each  other;  neither  does  it 
dbappear,  though  they  be  placed  ever  so  near  each  other.     Tho 

ilur«  of  this  attraction,  or  the  cause  which  produces  it,  is  alto. 
,yth«r  uiifcoown;  but  its  existence  is  demuostrated  by  all  the 
ybKnoBiena  of  nature. 

i.  Tkii  aitraciiun  was  long  accounted  for,  by  supposing  that 
tfcere  etisted  a  certain  unknown  sobstooce,  which  impelled  aU 
bmtiet  towuiti  «ach  other;  a  hypotbesit  to  which  philoiopb*^ 
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had  recourse,  from  an  opinion  long  admitted  as  a  first  principlei 
^^  that  DO  body  can  act  where  it  is  not;"  as  if  it  were  more  diffi* 
cult  to  conceive  why  a  change  is  produced  in  a  body  by  another 
which  is  placed  at  a  great  distance,  than  why  it  is  produced  bj 
one  which  is  situated  at  a  small  distance.  It  Is  not  only  impot* 
slble  to  explain  the  phsenomena  of  attraction  by  impulsion,  hot  it 
b  as  difficult  to  conceire  how  bodies  should  be  urged  towards  each 
other  by  the  action  of  an  external  substance,  as  how  they  shoald 
be  urged  towards  each  other  by  a  power  inherent  in  themaeWei. 
The  fact  is,  that  we  can  neither  comprehend  the  one  nor  the  other; 
oor  can  any  reason  be  assigned  why  the  Almighty  might  not  9$ 
easily  bestow  upon  matter  the  power  of  acting  upon  matter  at  a 
distance,  as  the  power  of  being  acted  upon  and  changed  by  matter 
in  actual  contact. 

But  farther,  we  hare  no  reason  for  supposing  that  bodies  are 
eTer  in  any  case  actually  in  contact.  For  all  bodies  are  diminished 
in  bulk  by  cold,  that  is  to  say,  their  particles  are  brought  nearer 
to  each  other,  which  would  be  impossible,  unless  they  had  been  at 
some  distance  before^  the  application  of  the  cold.  Almost  all 
bodies  are  diminished  in  bulk  by  pressure,  and  consequently  their 
particles  are  brought  nearer  each  other ;  and  the  diminuUon  of 
bulk  is  always  proportional  to  the  pressure.  Newton  has  shewDi 
that  it  required  a  force  of  many  pounds  to  bring  two  glasses  within 
the  800th  part  of  an  inch  of  each  oiher;  that  a  much  greater  was 
necessary  to  diminish  that  distance ;  and  that  no  pressure  what« 
ever  was  capable  of  diminishing  it  beyond  a  certain  point.  Con« 
sequently  there  is  a  force  which  opposes  the  actual  contact  of 
bodies ;  a  force  which  increases  inyersely  as  some  power  or  func* 
tlon  of  the  distance,  and  which  no  power  whatever  Is  capable  of 
orercoming.  Boscofich  has  demonstrated,  that  a  body  in  motion 
communicates  part  of  its  motion  to  another  body,  before  It  actually 
reaches  it.  Hence  we  may  conclude  that,  as  far  as  wa  knowy 
there  is  no  such  thing  as  actual  contact  in  nature^  and  that  bodici 
of  course  always  act  upon  each  other  at  a  distanee.  Even  impul- 
sion, therefore,  or  pressure,  is  an  instance  of  bodies  acting  on 
each  other  at  a  distance ;  and  therefore  is  no  better  explanation  of 
attraction  than  the  supposition  that  it  is  an  inherent  power.  Wo 
must  therefore  be  satisfied  with  considering  attraction  as  an  un- 
known power^  by  which  all  bodies  are  urged  towards  each  other. 
It  is  a  power  which  acts  constantly  and  nnUbrmlyi  In  all  times  and 
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ftacH,  nd  «hich  is  always  diminishing  the  dislsnce  betweeo 
fcodiM,  nnl*w  when  Ihey  are  prevented  from  approaching  each 
lltbft  by  iOTn«  other  force  cquBlIy  powFrfal. 

e.  Ttit  change  which  attrRcfioii  produces  on  bodies,  is  a  dini. 
Mlion  of  (farir  distance.  Now  the  distnnces  of  bodies  from  each 
ttter  are  if  two  kinds,  either  too  smsll  (o  be  perceiTed  hj  nor 
lAisrt,   OT  great  enough  to  be  easily  percelTed  and  estimated.      |a 

»  first  ca»*,  the  change  of  di^tancp  produced  by  attraclion  must 
Iniicusible;  In  the  sfcond  case  it  must  be  visible.  Hence  the 
«KncliMis  of  bodies,  as  far  as  regnrds  us,  niturally  difide  ihem. 
a  into  two  classes:  I.  Those  which  act  at  sensible  (tistances; 
9.Those  which  act  at  insenbible  distances.  The  first  class  obriously 
^>pliei  to  bodies  in  masses  of  sensible  magailude ;  the  second  class 
1  be  confined  to  the  pRrticles  of  bodies,  because  they  alone  ara 
it  Insensible  distances  from  each  other. 

'  7.  1(  bas  been  demo  nil  rated,  thai  the  intensity  of  the  first  class 
if  atlraclions  nries  with  the  mass  and  the  distance  of  the  attract. 
4^  bodies.  It  increases  with  the  mass  of  these  bodies,  bnt  dimi. 
■khes  ai  the  distance  between  (hem  increnses.  Hence  we  see  that 
It  this  class  of  attractions  erery  particle  of  the  atlracling  bodies 
■et,  since  the  SDin  of  the  attracting  force  is  always  proportional  to 
Ae  number  of  particles  in  the  attracting  bodies.  Why  it  dimi. 
s  aa  the  distance  increases,  it  is  impossible  to  say;  but  the 
ftct  is  certain,  and  is  almost  incompatible  with  the  supposition  of 
bpulsion  as  the  cause  of  attraction.  The  rate  of  tariation  hai 
lien  demonstrated  to  be  inversely  as  the  square  of  the  distance,  to 
ID  cases  of  attraction  belonging  to  the  first  class. 
*  8.  The  ellrac-lions  belonging  to  the  lirst  class  must  be  as  nume. 
itni  at  there  are  bodies  situated  at  sensible  distances  ;  but  it  has 
lien  ascertained  that  Ihf'y  may  be  all  reduced  to  three  diiffrent 
fends;  namely,  1-  Graiilation;  3.  Electricity;  3.  Magnetism, 
Tfce  first  of  these  has  been  shewn  by  Newton  to  belong  lo  all 

Ifttler,  aa  far  as  we  ha*e  an  opportunity  of  examining,  and  there. 
jbre  to  be  uid*eiwil.     The  olher  two  are  partial,  being  contined  to 

Tisin  sets  of  bodies,  while  the  rest  of  matter  is  destitute  of  ihem  ; 

r  it  is  well  known,  that  all  bodies  are  not  electric,  and  thnt 
isu-cely  any  bodies  are  magnetic,  eicept  iron,  cobalt,  nickel,  and 

^mmum. 
The  iDteoaily  of  thcM  three  altraclions  increases  u  the  mass  of 
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the  attrtctiog  bodies,  and  diminisfaes  as  the  square  of  tli«  distaiiM 
increases.  The  first  extends  to  the  greatest  distance  at  whic^ 
bodies  are  known  to  be  separated  from  each  other.  How  far  elec* 
tricity  extends  has  not  been  ascertained ;  but  magnetism  extends 
at  least  as  far  as  the  semidiameter  of  the  earth.  All  bodies  possesi 
gra?itjr ;  bot  it  has  been  supposed  that  the  other  two  attractioaa 
are  confined  to  two  or  three  subtile  fluids,  which  coostitate  a  part 
of  all  those  bodies  which  exhibit  the  attractions  of  electricity  or 
magnetbm.  This  maj  be  so;  but  it  is  not,  and  scarcely  can  ba 
demonstrated. 

9.  The  absolute  force  of  these  attractions  in  given  bodies  can 
only  be  measured  by  the  force  necessary  to  counteract  tho  tflect 
of  these  attractions,  or  by  the  space  which  given  bodies,  acted  on 
merely  by  these  attractions,  traverse  in  a  given  time.  If  wo 
compare  the  different  bodies  acted  on  by  gravitation,  we  shall  find 
that  the  absolute  force  of  their  gravitation  towards  each  other  it  in 
all  cases  the  same,  provided  their  distances  from  each  othery  and 
their  mass,  be  the  same ;  but  this  is  by  no  means  the  case  widi 
electrical  and  magnetic  bodies.  In  them  the  forces  by  which  ^k&y 
are  attracted  towards  each  other,  called  electricity  and  mi^netian^ 
are  exceedingly  various,  even  when  the  mass  and  the  distance  art 
the  same.  Sometimes  these  forces  disappear  almost  entirely ;  at 
other  times  they  are  exceedingly  intense.  Gravity,  therefbroi  it  a 
force  inherent  in  bodies ;  electricity  and  magnetism  not  so ;  a  ciiw 
cumstance  which  renders  the  opinion  of  their  depending  npon 
peculiar  fluids  exceedingly  probable.  If  we  compare  the  absninftf 
force  of  these  three  powers  with  each  other,  it  would  appear  thai 
the  intensity  of  the  two  last,  every  thing  else  being  eqnaly  is 
greater  than  that  of  the  $rst;  bat  their  relative  intensity  cannot 
be  compared,  and  is  therefore  unknown.  Hence  it  follows  that 
these  different  attractions,  though  they  follow  the  same  lawa  of 
variation,  are  not  the  same  in  kiud. 

10.  Tlie  attractions  between  bodies  at  iosensible  distances,  and 
which  of  course  are  confined  to  the  particles  of  matter,  havo  bean 
distinguished  by  the  name  of  affinity ;  wlule  the  term  attraction 
has  been  more  commonly  confined  to  cases  of  sensible  distance. 
Now  the  particles  of  matter  are  two  kinds,  either  bomof  eneona  or 
heterogeneous.  By  homogeneous  particles,  I  mean  particles  wliioh 
compose  the  same  body ;  thns  all  particles  of  iron  are  homoge* 
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SMM.     Bj'  heleragMeiMis  pirticUf  an  mtant  tbo*?  which  t 
paw  (UStMflt  bodies;   ihiu  a  (Mrticle  of  iron,  ■■>]  ■  partkte  g( 
ImJ,   aie  belerogpneous. 

iluim^neous  ■ffinit}'  urgps  tbe  bomogcneotti  paHicUf  tdvard* 
nch  olbvt,  and  keeps  them  at  inMnsible  di9UDC«s  from  each 
Other;  and  consequenil]'  is  the  caa^e  ifh}  bodies  aloiosl  alnjri 
nat  united  tot;clher,  mi  bk  lo  conslilulc  masws  of  N-DsibW  magnu 
lnd«.  TMs  affinity  ia  usually  deaoted  bj  th«  teim  cubriioai  >ii4 
mmrtimi**  by  odbeMon,  when  th«  turfacei  of  bodies  are  onljr 
RfcrrMl  to,  BomogFneuus  affinity  is  nearly  nnirersal ;  as  far  «( 
it  known,  caloric  and  liglit  only  are  dettitulc  of  it. 

Uriprogcneous  aiBuiiy  urges  heterogeneous  parriclei  (owardf 
nch  other,  and  keeps  theta  at  insensible  dislances  rrora  each 
oiJier,  and  of  course  is  the  cause  of  tbe  fornstion  of  new  integrant 
pirticiea,  composed  of  a  certain  number  of  tx'lerogeii 
Isbes.  Thrse  aew  inIef;rBnt  particles  afterwards  unite  by  cobe* 
liKi,  and  form  masses  of  compound  bodies.  Thus  an  iutegraot 
pHTtkto  «t  «B(er  is  composed  of  particles  of  hydrogra  and  oxygen^' 
vrged  towards  Mch  vther,  ani]  kept  at  an  insensible  distance  bjr 
Iwterojeneoos  afiaity  ;  and  a  mass  of  water  is  composed  of  an 
iadeinito  nuatbcr  of  inlegranl  particles  of  that  fluid,  ur^d  to. 
«lrdt  each  other  by  homogeneous  affinity.  Heterogeneoas  aflinily 
h  —Iwfiai,  as  far  as  is  known  ;  that  is  to  lay,  there  is  no  body 
Those  particle*  are  not  attracted  by  the  particles  of  some  other 
bod)  ;  bat  whether  the  particles  of  all  bodies  have  an  affinity  (or 
the  forltclH  of  all  other  bodies,  is  a  point  which  we  have  no 
Beani  of  asc«rUiuiiig.     It  is,  howeter,  exceedingly  probible,  aid 

t  he«ii  froetafly  t^co  for  granted  ;  though  it  is  certainly  assuou 
lag  more  than  eien  analogy  can  warrant. 

I.  Affinity,  like  sensible  attraclion,  varies  with  the  mass  ami 
Ihir  distance  of  the  Bllracling  bodies.  That  coheiioa  varies  srilh 
tb*  mass,  cajtnoi  indei-d  lie  ascertained  ;  becHU''e  we  have  ao 
method  of  varying  the  mass,  without  at  the  sane  finH!  altering  tha 
lIutADCe.  But  in  caaes  of  (he  ndliesiun  o(  the  sur(ac>-s  of  homo> 
geoeuMS  bvdies,  which  Is  amloubteilly  an  iuitaiuc  of  homogrneom 
nity,  it  bat  been  demonstrated,  that  the  force  of  B(Uu*ia«  in. 
treases  with  the  surface,  that  is  to  say,  with  the  aiasi ;  lor  th* 
Maibcr  of  adhering  particles  mait  iocrease  with  itir  surfier. 

That  helerogenecus  affinity  increases  with  the  amm,  has  b*«n 
obsened  long  ago  in  particular  inslancei,   mi  has  beaa  Utal/ 
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demonstrated  hj  Berthollet  to  hold  in  every  case :  thus  a  given 
portion  of  water  is  retained  more  obstinately  by  a  large  quantity 
of  sulphoric  acid,  than  by  a  small  quantity.  Oxygen  is  more 
easily  abstracted  from  those  oaides,  which  are  oaidized  to  a  maxi* 
mam,  than  from  tliose  which  are  oxidized  to  a  minimum ;  that 
is  to  say,  that  a  large  mass  of  metal  retains  a  given  quanti^  of 
oxygen  more  violently  than  a  small  mass.  Lime  deprives  pot- 
ash of  only  a  portion  of  its  carbonic  acid ;  and  sulphoric  acid 
deprives  phosphoric  add  of  only  a  portion  of  the  lime  witk 
which  it  is  united  in  phosphate  of  lime.  In  these,  and  many 
other  instances  tliat  might  lie  enumerated,  a  small  portion  of  ono 
body  is  retained  by  a  given  quantity  of  another,  more  strongly 
than  a  large  quantity.  And  Berthollet  has  shewn,  that  in  all 
eases  a  large  quantity  of  a  body  is  capable  of  abstracting  a  portioa 
of  another,  from  a  small  portion  of  a  third  ;  how  weak  soever  th4 
affinity  between  the  first  and  second  of  these  bodies  is,  and  how 
strong  soever  the  affinity  between  the  second  and  the  third.  Tbia 
when  equal  quantities  of  the  following  bodies  were  boiled  togetheri 
I     C  Sulphate  of  barytes  .    J  Oxalate  of  Umo 

i  Potash  *  \  Potash 

^  r  Sulphate  of  potash  .    j  Phosphate  of  lime 

I  Soda  '  (  Potash 

^    C  Sulphate  of  potash  ^    j  Carbonate  of  lime 

*  <,  Lime  '  (  Potash 

the  uncomliined  base  abstracted  part  of  the  acid,  from  the  baio 
with  which  it  was  previously  combined ;  though  in  evory  one  of 
these  instances  it  was  retained  by  that  base,  by  an  affinity  oonsU 
dered  as  stronger*  The  same  division  of  the  base  took  plaee  when 
equal  quantities  of  oxalate  of  lime,  and  nitric  acid,  were  boiled 
toi^ether. 

We  have  seen  that  sensible  attraction,  though  in  all  cases  the 
$ame  kind  of  force,  is  not  always  the  very  iome  force;  for 
though  the  mass  and  the  distance  of  two  bodies  be  equal,  the  abso* 
lute  force  by  which  they  are  attracted  towards  each  other  by  gra« 
vitation  is  not  equal  to  the  force  by  which  they  are  attracted  tob 
wards  each  other  by  magnetism.  The  forces  of  sensible  attraction 
aro  three  in  number,  namely,  gravitation,  magnetism,  and  elec* 
tricity  |  the  first  is  always  the  same'when  the  mass  and  distance  are 
the  same,  but  the  two  last  vary  even  when  the  mass  and  distance 
continue  unaltered* 
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The  fonrt  ofalTinilj,  ihoach  aim  thp  same  in  kind,  aiv  still  man 
num^roui  lh«n  Ihoie  of  sensible  aitractioo  j  for  inslpad  of  ihrrc^ 
the}'  omoiint  Co  »  man}'  as  there  arv  beternireneoui  bodies.  The 
rair,  ind<««l,  at  which  they  lar/  when  ihe  diiuticeof  (h«  altracling 

I  bo^K^  incrcsies  or  diminishes,  is  probably  the  same  in  all.  ini)  M 
I)  alM  their  tariations  ag  far  as  it  regards  the  mass.  But  eTctt 
wlteB  bolfi  ol these  rircumstances,  as  far  as  we  ran  fstimiie  Ihcm, 
ire  llie  aane,  the  affinity  of  two  bodies  for  a  third  is  nut  the  sini«. 
Thus  barytes  his  a  strunifer  affinity  for  F-ulphuiCt  acid  ihan  polaih 
bai :  (or  if  equal  qaantities  of  each  be  mixed  with  a  small  porlioit 
of  snlpbOTic  acid,  the  baryies  seizes  a  much  greater  pruportiou  at 
tticand  than  the  potash  does.  This  difference  in  inlensily  extendi 
to  particles  of  altlwdies;  for  there  are  scarcely  any  Itio  bodiei 
«bo»r  particles  hare  precisely  the  same  affinity  fur  a  third  j  and 
tcaicply  any  torn  bodies,  the  particles  of  each  oF  which  cohere  to- 
griher  with  exactly  the  same  force. 

Itis  thia  d^erence  in  iutenstty  ^fhich  constitutes  the  molt  iou 
ponant  cbaractFTtstic  mark  of  affinity,  and  which  eiplain;  the  difa 
(crent  decompositioiis  and  changes  which  one  body  occabioai  ia 
oiber*. 

1  Thus  it  appear*  at  Grst  sight,  that   there  are  as  many  different 

aSiliilie*  a*  there  are  bodies  ;  and  that  affinity,  instead  of  being 
one  force  like  grafilation,  which  is  always  the  same  when  the  cifa 
camttMBOn  are  the  same,  consists  of  a  variety  of  djHerenl  force*, 
ngulktcd,  iDde«d,  by  the  same  kind  of  Uws,  bat  all  of  them  dif. 
llrcMl  fron  tacb  other.  These  aflinilies  do  tiot  vaiy  like  magnc* 
litai  and  electricity,  though  the  mass  cifnlinut-i  the  same,  but  an 
llvljt  of  equal  intenjlly  when  other  circumstaucM  are  eijoaj* 
Sencc  il  It  reasonable  to  conclude,  that  the^  affiniti's  cannut^ 
like  magnetism  sod  electricity,  depend  upoa  pecyliai  Satds,  tk» 
^owlity  of  •rbicb  may  rar^  ;  but  Ilist  they  are  pemiaurtd  loraap 
inh«rcttt  id  eTery  atom  of  the  attracting  bodiei. 

►  II.  Uis  leiy  possible  that  this  ranalion  of  inien-Mty,  wUcfc 
Amoss  m  Raukabk-  a  (UtiinctsM  betwwn  afinity  sad  (rsTitsOMs, 
mar  be  oaif  appuvot  aad  not  f«*l.  For  ctm  is  srsviUliMi  (te 
nMensity  nrin  witli  thv  diuaaee  aad  tte  bms,  ud  ih«  »»ma  nrf. 
lAsn  holds  mafiaity.  Butsstbe  attnettoaof  aftBiiy  icts  KpM  Iw 
dies  (ituted  al  iaicnsilile  dbunoet  froas  cacft  otWr,  tt  is  «*idaat 
thu,  tirictir  speaking,    we   hare  «•  miaM  id  ■inillllilit  th^ 

r 
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ing  the  Tariation.  Bot  every  such  TarUtion  in  distance  most 
occasion  a  corresponding  rariation  in  tlie  intensity  of  the  attracting 
force.  It  may  be,  then,  that  barytes  attracts  tnlphuric  acid  with 
greater  intensity  than  potash,  because  the  particles  of  barytes, 
when  they  act  upon  the  acid,  are  at  a  smaller  distance  from  it  tbaa 
the  particles  of  the  potash  are. 

Bot  it  may  be  asked,  Why,  if  barytes,  potash,  and  sulphuric  acidy 
are  all  mixed  together  in  water,  the  particles  of  potash  do  not  ap« 
proach  as  near  thtfticid  as  those  of  the  barytes,  since  they  are  both 
at  liberty  to  act  ?  To  this  it  may  be  answered,  that  in  all  proba. 
bility  they  do  approach  each  of  them  to  the  same  mppureni  dis« 
tance,  (if  the  eipression  be  allowed),  but  that,  notwithstanding, 
their  reai  distance  may  continoe  different.  The  particles  of  bOb 
dies,  how  minute  soerer  we  suppose  them  to  be,  cannot  lie  destU 
tute  of  magoitude.  They  must  hare  a  certain  length,  breadth, 
and  thickness,  and  therefore  must  always  possess  some  partlcolar 
figure  or  other.  These  particles,  indeed,  are  a  great  deal  too  mi. 
Bute  for  us  to  detect  their  shape  ;  but  still  it  is  certain  that  they 
must  have  some  shape.  Now  it  is  rery  conceiyable  that  the  par. 
tides  of  every  particular  body  may  have  a  shape  peculiar  to  tlMs. 
selves,  and  differing  from  the  shape  of  the  particles  of  every  other 
liody.  Thus  the  particles  of  snlphoric  acid  may  have  one  thape, 
those  of  barytes  anoUier,  and  those  of  potash  a  third. 

But  if  the  particles  of  bodies  have  length,  breadth,  and  thicks 
Bess,  we  cannot  avoid  conceiving  them  as  composed  of  an  iBdo* 
terminate  number  of  still  more  minute  particles  or  atoms.  Now 
ttie  affinity  of  two  integrant  particles  for  each  other  must  be  the 
sum  of  the  attractions  of  all  the  atoms  in  each  of  these  partkalea 
for  all  the  atoms  in  the  other :  but  the  sum  of  these  attractioBi 
must  depend  upon  the  number  of  attracting  atoms,  and  npoa  the 
distance  of  these  atoms  from  each  other  respectively  ;  and  this  &^ 
tance  must  depend  upon  the  figure  of  the  particles.  For  k  is  ob» 
vious,  that  if  two  particles,  one  of  which  is  a  tetrahedron  and  the 
otiier  a  cube,  and  which  contain  the  same  number  of  atoms,  be 
placed  at  the  same  relative  distance  from  a  third  particle,  the  sbb 
of  the  distances  of  all  the  atoms  of  the  first  particle  from  all  the 
atoms  of  the  third  particle,  will  be  less  than  the  sum  of  the  dis* 
tances  of  all  the  atoms  of  the  second  particle  from  diose  of  the 
third.  Consequently,  in  this  case,  though  the  apparent  distaaoa 
of  the  particles  be  the  same,  their  real  dbtance  is  dlierent ;  and 
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•f  cohtm  Ibe  oibe  vrti  attract  the  thinl  prtlrtf 

III  tbe  tetraheilraii ;  that   is,  it  «i)l  hare  a  gnali 

luthe  tf>ti«hedraa. 

But  if  the  particles  or  bodiM  diSpr  from  eui   ■ttii 
Aej'  maf  ilifff*i  alio  id  density  and  in  tile ; 
■btolate  force  of  affiQiIy,  efra  wbra  tki 
of  the  attracting  particles  are  the  nae.    TW  fr*t 

rcutiistBDcet,   indeed,   maj  b«  comideml  ■>  a 
iDasi  of  the  attracting  bodi<^  and  tfe-rdorc  Mif  ba 
k  weiftht  of  the  aggregate  ;  bnt  die  (eeoad,  thoa^ 
tfariatioii  in  the  mass,  cannot  be  detected  by  warj  ■ 

iDgh  iU  effect  npcm  the  Mitngth  of  mBaMf  mmj  b 
tUrrablK 

There  is  no  doabt  that,  upon  ^  nppoHtian  that  mcA  AIk. 

CM  in  the  6gDrp,  densitf,  aad  size  of  Ifce  attraetiif  [■rfkin, 
mlly  eiisl,  iDd  it  ii  in  the  bigbett  degree  prahbk  Iki  <ktj  im 
fabt,  the  TariatioQ  in  intensitj  wbicb  cbaraetcraM 
ftj  may  be  accoaaled  for,  wilhonl  npposag  the  nieadCjr  af 
atonilf ,  a«  a  force  inherent  m  the  nltiaiate  partklei  or 
hoctiei,  is  really  different.  The  mae  Ibiag  aaj  be 
riectricity  and  ma^etisin.  It  is  certainly  pouUtlc,  iWigfcra, 
attraction,  both  sensible  and  inKSMMe,  nay  B«t  asly  Tary 
It  the  fame  rate,  anil  accorifing  ia  tbe  tamt  laws,  bat  be  abao. 
hMj  the  tame  force  inbtrent  b  the  atoau  of  ■atter, 
■erety  by  the  number  and  sitaation  of  the  attrmcliag  atoi 
ft  Certainly  posnble  ;  and  tt  taaX  be  aUowetl  thai  it  ex 
Veil  with  thoie  notloni  of  the  simplicity  of  satnre,  in  vhkh  va 
arc  accoilumed  to  Indole  ourselrei.      But  the  truth  ii,  that  «e  are 

'  Qo   means   good  jndges  of  the  simplicity  of  nature ;  ve  have 

it  an  imperfect  glimpse  here  and  there  thracigh  tbe  leil  wiib 
Mich  her  operatioas  are  corer^'d ;  and  from  the  few  pmaS  wUcfc 
conilanlly  forming  conJMdir^i  concerein^  tba 
Irhole  ol  the  machinery  by  which  these  operations  are  cained  (>•• 
Snperior  hemp  smile  at  oar  theories  as  we  mile  at  (he  reaaoaiA^ 
AT  an  infant ;  aitd  were  tbe  leil  trhich  conceali  the  BichJae  fro* 
•ur  riew  to  be  »il«)ea1y  withdrawn,  we  oanelrn,  in  all  proba* 
ICIity,  would  be  equally  astonished  and  confonoded  at  tbe  wida 
ASireuce  bttween  our  theories  and  coojectot«t,  and  the  r«al  pow. 
«s  hy  which  the  machin<-ry  of  (he  aairerse  is  moved. 
lb«refore  b*  too  precipitate  in  drawing  geoerai  condnnoat : 


I 

inaat       J 

bat     .^H 
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let  as  rather  wait  with  patience  till  futare  discoreries  enable  us  t^ 
advance  farther  ;  and  satisfy  ourseWes  in  the  mean  time  with  ar* 
ranging  those  laws  of  affinity  which  ha?e  been  ascertained,  with. 
oat  deciding  whether  it  be  the  same  force  with  grafitation,  or  a 
different  one.  [Thomson. 


CHAP.  XI. 

ON    CRYSTALLOGRAPHY. 

1  BE  wonl  crystal  (xpv9'leL\>Af)  originally  signified  ice  $  bat  il 
was  afterwards  applied  by  the  ancients  to  crystallixed  silica,  or 
rock  crystal ;  because,  as  Pliny  informs  us,  they  considered  that 
body  as  nothing  else  than  water  congealed  by  the  action  of  cold. 
Chemists  afterwards  applied  the  word  to  all  transparent  bodtei  of  m 
regular  shape  |  and  at  present  it  is  employed  to  denote,  in  general, 
the  regular  figure  which  bodies  assume  when  their  particles  iMfO 
full  liberty  to  combine  according  to  the  laws  of  cohesion.  These 
regular  bodies  occar  rery  freqaently  in  the  mineral  lungdom^ 
and  have  long  attracted  attention  on  account  of  their  great 
beauty  and  regularity.  By  far  the  greater  number  of  the  salts  as» 
same  likewise  a  crystalline  form ;  and  as  these  snbstances  am 
mostly  soluble  in  water,  we  have  it  in  our  power  to  give  the  r^g«» 
lar  shape  of  crystals  in  Home  measure  at  pleasure. 

1.  Most  solid  bodies  either  occur  in  the  state  of  crystals,  or  are 
capable  of  being  made  to  assume  that  form.  Now  it  has  long 
been  opserred  by  chemists  and  mineralogists,  that  there  b  a  par* 
ticalar  form  which  every  IndiTidual  substance  always  affects  when 
it  crystallizes  :  this  indeed  is  considered  as  one  of  the  best  marks 
for  distinguishing  one  substance  from  another.  Thns  cobubod  salt 
is  observed  to  assume  the  shape  of  a  cube,  and  alum  that  of  octabcw 
dron,  consisting  of  two  four^ided  pyramids,  applied  base  to  base. 
Saltpetre  affects  the  form  of  a  six^ided  prism  |  and  sulphate  of 
magnesia  that  of  a  four.sided  prism ;  and  carbonate  of  line  is  of- 
ten found  in  the  state  of  a  rhomboid.  Not  that  every  individual 
substance  always  uniformly  crystallises  in  the  same  form  ;  for  this 
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liable  to  COBtidenblc  nriationa  accarduigto  tl>«  circttmHaiicesd 
bat  there  are  a  cerUJn  nanbci  of  form*  pecaliar  I 
tffry  mbitaiice,  and  the  crjsUU  of  that  tabatance,  in  evrrjr  casa 
idopU  one  or  other  of  tfae^  forms,  and  na  other  ;  atui  thM  con 
moD  M.1I,  ohen  crfstallized,  has  alvaj'i  either  the  figure  of  t  I 
[      cube  or  octahedroD,  or  some  figure  rcdoctbte  to  ihefe. 
9.  As  the  particles  of  bodies  mast  be  at  IlbertT  to  me 
they  cr/st4llii«,  it  Is  obtioas  that  wecanaot  rtilace  any  bodies  Mi  I 
the  state  of  crystals,  except  those  which  ne  are  able  to  make  fluid.    I 
Nov  tbere  are  two  ways  of  reDderioj  the  bodies  Buid,  oaaielf, 
tolutioa  in  a  liquid,  and  fiisioQ  by  heat.     These  of  coarse  an  th* 
only  metbods  of  forming  crystals  in  oar  power. 

SolalioD  is  the  coniinoD  method  of  cryttalliiing  sail*.  Thej  arc 
diisolrrd  Li  the  water;  the  water  is  slowly  etaporated,  the  sal  in*  ; 
[nriicles  gradually  approach  each  other,  combioe  logelher,  tad 
furm  inall  crystals  ;  which  become  constantly  larger  by  the  aJdl* 
(lull  of  other  particles,  till  at  last  they  fall  by  their  grailty  to  tlw 
botlumof  the  tesael.  It  ought  lo  be  remarked,  howerer,  that 
there  are  two  kinds  of  solution,  each  of  which  presents  different 
|ih«aom«na  of  c ry stall izai ion.  Some  talis  di^salfe  in  lery  small  pro. 
porliooi  in  cold  water,  bat  are  lery  solable  in  hot  water;  that 
It  to  say,  water  at  the  common  lemperatare  has  little  eflecl  opon 
them,  bat  water  combined  with  caloric  dissolres  them  readily. 
When  hot  water  siluraled  with  any  of  these  salts  cools,  it  be- 
aomes  incapable  of  holding  them  in  solution  :  the  consequence  of 
«hich  is,  that  the  saline  parlicli'S  gradually  approach  each  other 
and  crystallice.  Sulphate  of  soda  is  a  salt  of  this  kind.  To  crysa 
tiltiie  such  s:ilts,  nothing  mure  Is  necessary  than  to  saturate  hot 
rater  with  them,  and  set  il  by  to  cool.  But  were  we  to  attempt 
ll  crystallise  them  by  eraporating  the  hot  water,  we  should  not 
nccecd;  nothing  could  be  procured  but  a  shapeless  mass.  Many 
of  tbe  aalti  which  follow  this  law  of  crystallization  combine  with  a 
grrat  deal  of  water;  or,  which  is  the  same  thing,  many  crystal! 
Ibrm«d  in  tUi  manner  contain  a  great  power  of  crystallization. 
^  Tberc  ftre  other  salti  again  which  are  nearly  equally  soluble  In 
ifrt  anti  cold  water  ;  common  salt  for  instance.  It  is  evident  that 
^^cb  salts  cannot  be  cryitalliied  by  cooling:  but  they  cryt(altii« 
lerj  well  by  e?Bporating  thdr  solutioo  while  hot.  These  nitt 
generally  contain  but  little  water  of  crystaltiiafion. 

There  an  many  lubitances,   however,  neither  soluble  to  water 
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nor  other  liqaids,  which,  notwithstanding,  are  capable  of  atsanhig 
a  crystalline  form.  I*hi8  is  the  case  with  the  metals,  with  glaai| 
and  some  other  bodies.  The  method  employed  to  crystallize  them 
is  fusion,  which  is  a  solution  by  means  of  caloric.  By  this  method 
the  particles  are  separated  from  one  another ;  and  if  the  oooliog 
goes  on  graduallyi  they  are  at  liberty  to  arrange  themseWes  in  re* 
gular  crystals. 

S.  To  obtain  large  artificial  crystals  of  a  regular  shape,  raqulrei 
considerable  address  and  much   patient  attention.     This  cnrioof 
branch  of  practical  chemistry  has  been  improf ed  by  Mr.  Leblaoe ; 
who  has  not  only  succeeded  in  obtaining  regular  crystals  of  almost 
any  size  at  pleasure,  but  has  made  many  interesting  obsemtionf 
on  crystallization  in  general*.     His  method  is  as  follows :    The 
salt  to  be  crystallized  is  to  be  dissoWed  In  water,  and  ertponlad 
to  such  a  consistency  that  it  shall  crystallize  on  cooling.    Set  it  bj| 
and  when  quite  cold  pour  the  liquid  part  off  the  mass  of  eryitalf 
at  the  bottom,  and  put  it  into  a  flai-bottomed  Tetsel.  Solitary  cijt. 
tals  form  at  some  distance  from  each  other,  and  these  may  be  ob* 
serred  gradually  increasing.     Pick  out  the  most  regular  of  tfaete, 
and  put  them  into  a  flat-bottomed  ressel  at  some  distance  fron  eadi 
other,  and  pour  over  them  a  quantity  of  liquid  obtained  In  tlM 
same  way,  by  evaporating  a  solution  of  the  salt^  til!  it  crystallizet 
on  cooling.     Alter  the  position  of  every  crystal  once  at  least  ereij 
day  with  a  glass  rod,  that  all  the  faces  may  be  alternately  exposed 
to  the  action  of  the  liquid  ;  for  the  face  on  which  the  crystal  rests 
never  receives  any  increment.     By  this  process  the  crjrstals  gndi- 
ally  increase  in  size.     When  they  liave  acquired  such  a  magnitode 
that  their  form  can  easily  be  distinguished,  the  most  regular  are  to 
be    chosen,   or   those   having   the  exact  shape  which  we  wish 
to  obtain  ;  and  each  of  them  is  to  be  put  separately  in  a  vessel  filled 
with  a  portion  of  the  same  liquid,  and  turned  in  the  same  manner 
several  times  a«day.     By  this  treatment  they  may  be  obtidned  of 
almost  any  size  We  think  proper.     After  the  crystal  has  contfaaei 
in  the  liquid  for  a  certafai  time,  the  quantity  of  salt  held  in  solatkNi 
becomes  so  much  diminished,  that  the  liquid  begins  to  act  opon  tiie 
crystal  and  redissolfe  it.    This  action  is  first  perceptible  on  the 
angles  and  edges  of  the  crystal.     They  become  blunted}  and  gnu 
dually  lose  their  shape  altogether.     Whenever  this  begins  to  be 
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pcrMtvtd,  tlte  llqaiJ  most  be  ponred  off,  and  ft  pvrtioB  at  ne» 
liquid  pat  in  its  place ;  otherwise  the  crystal  'n  iofaXIiblr  dn- 
(rayed.  Mr.  Leblanc  )>&«  obsenred,  that  this  nngnlar  chaa^  |i«. 
giai  6rft  at  tbe  surface  of  the  liquid,  and  extends  gradnaDy  to  tfa« 
kotl*m  ;  su  that  a  crystal,  if  large,  idbj  be  of)«n  perr^trd  tna 
Itale  of  increase  at  its  lower  end,  wliile  it  is  disappeiriii'  at  rit  op. 
per  exireinll/.  Mr.  Leblaoc  ef  en  affirms  that  saline  soIuHooi  aU 
■«it  alwayi  locresse  in  density  according  to  their  depth  frtHO  tlM 
torfacv. 

4.  The  phznonena  of  cryitalliEtlioQ  seem  to  hare  attrwtH  bat 
if  Ihe  attention  of  the  ancient  philoiophen.  Their  theory, 
'tadeed,  thai  the  elements  of  bodies  piissest  certujn  refolar  geome. 
Meal  igures,  may  hate  been  snggcslei]  by  these  phznomeaa  ;  bat 
■9  arc  ifnoraiil  of  their  haTina  made  any  regnlar  attempt  to  ex> 
pUia  (hem.     The   schoolmen  ascribed  the  regular  figure   of  cryi. 

It  to  their  snbstantial  forms;  »ilhont  giving  themseltet  much 
taMible  aboat  explaining  the  meaning  of  the  term.  This  notion 
VIS  Utacked  by  Boyle  ;  who  proved,  that  crystals  are  fonoEd  by 
ten  aggregation  of  particles  *.  But  it  still  renuioed  to  ex. 
plain,  why  that  aggregation  took  place ;  and  why  the  parttclei 
■nitnl  in  inch  a  manner  as  to  form  regular  Sgares  ? 

The  aggregation  is  eridently  the  consequence  of  (hat  sltractiv* 
Ctirce  which  haa  been  examined  in  the  last  tection.  But  to  explain 
the  caofe  of  regular  figures  is  a  more  difficult  tatlc.  Newton  bat  re. 
Marked,  that  the  particles  of  bodies,  while  in  a  state  of  solution,  aro 
trna£ti  hi  the  solvent  in  regular  order  and  at  regnlar  distances  { 
tte  cont^uence  of  which  must  be,  that  when  the  force  of  cohesion 
bieomea  aafficiently  strong  to  separate  them  from  the  iolvent, 
ttry  will  natnnlly  combine  in  gronps,  composed  of  those  partTHes 
>vUcb  are  nearest  each  other.  Now  all  the  particles  of  the  Fsma 
IboAy  most  be  supposed  to  have  the  same  figure  j  and  the  coiobi. 
■lion  of  K  determinate  number  of  similar  bodies  must  produce  i[- 
dlar  GgTtns.  Hauy  has  made  it  exceedingly  probable  that  theso 
htr^nat  parilcki  always  combine  in  the  same  body  in  the  uima 
biy  ;  (bat  is  to  say,  that  the  same  faces,  or  the  same  edg^s,  al. 
^1^  stfieh  tbemtelTM  together  ;  but  that  these  differ  in  di'terent 
tryttals.  This  can  scarcely  be  accounted  for,  without  supposing 
tbit  tbe  particlff  of  bodies  are  endowed  with  a  certain  polarity 
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which  makes  them  attract  one  part  of  another  particle  and  repel 
the  other  parts.  This  polarity  would  explain  the  regularity  of 
crystallization  ;  hot  it  is  itself  inexplicable. 

It  is  remarkable  that  crystals  not  only  assume  regular  figures, 
but  are  always  bounded  by  plane  surfaces.  It  is  very  rarely  in* 
deed  that  curve  surfaces  are  obserred  in  these  bodies  ;  and  when 
they  are,  the  crystals  always  give  unequivocal  proofs  of  imperfec* 
tion.  But  this  constant  tendency  towards  plane  surfaces  is  incoiw 
cetvable,  unless  the  particles  of  which  the  crystals  are  composed 
are  themselves  regular  figures,  and  bounded  by  plane  surfaces. 

5.  If  the  figure  of  crystals  depends  upon  the  figure  of  their  in- 
tegrant particles,  and  upon  the  manner  in  which  they  combiae,  it 
is  reasonable  to  suppose  that  the  same  particles,  when  at  full  liber* 
ty^  will  always  combine  in  the  same  way,  and  consequently  that 
the  crystals  of  every  particular  body  will  be  always  the  saoM. 
Nothing  at  first  sight  can  appear  farther  from  the  truth  than  this. 
The  different  forms  which  the  crystals  of  the  same  body  assume  are 
often  very  numerous,  and  exceedingly  different  from  each  other. 
Carbonate  of  lime,  for  instance,  has  been  observed  crystallized  in 
no  fewer  than  forty  different  forms,  fluate  of  lime  in  eight  difilnw 
ent  forms,  and  sulphate  of  lime  in  nearly  an  equal  number. 

But  this  inconsistency  is  not  so  great  as  might  at  first  sight  ap. 
pear.  Rom£  de  Lisle  has  shewn  that  every  body  susceptible  of 
crystallization  has  a  particular  form  which  it  most  frequently  as- 
sumes, or  at  least  to  which  it.most  frequently  approaches.  Berg- 
man has  demonstrated,  that  this  primitive  form,  as  Hauy  has  caUU 
ed  it,  very  often  lies  concealed  in  those  very  crystals  which  ap- 
pear to  deviate  farthest  from  it.  And  Hauy  has  demonstrated^ 
tiiat  all  crystals  either  have  this  primitive  form,  or  at  least  contain 
it  as  a  nucleus  within  them ;  for  it  may  be  extracted  ont  of  ail  of 
them  by  a  skilful  mechanical  division. 

These  primitive  forms  must  depend  upon  the  figure  of  the  inte- 
grant particles  composing  these  crystals,  and  upon  the  manner  in 
which  they  combine  with  each  other.  Now,  by  continaing  tlie 
mechanical  division  of  the  crystal,  by  cuting  off"  slices  parallel  to 
each  of  its  faces,  we  must  at  last  reduce  it  to  so  small  a  iiie  tliat 
it  shall  contain  only  a  single  integrant  particle.  Conseqaently 
this  ultimate  figure  of  the  crystal  must  be  the  figure  of  the  inte- 
grant particles  of  which  it  is  composed.  The  mechanical  division^ 
indeed,  caiinot  be  continaed  so  br ;  bat  it  may  be  continaed  till  it 
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«ui  be  dMaonstnted  that  no  aabspqnent  dUiNon  CAn&ltprits  fi.  i 
fnre.  Conseqncntly  it  can  be  coniiitued  till  (he  Bgure  which  K  \ 
■uumei  O  liDiilar  (o  that  of  its  intc-^rsnl  parlicles. 

J/auf   lus  found   that  the  figure  of  the   iiilt'giant   particles  <tt     i 
bodieSf  as  far  19  experiment  has  gone,  may  be  reduced  to  three  |    j 

1.  The  parollelapippJ,  tlic  simplest  of  the  solids,  whose  facM   I 
■re  SIX  in  number,  and  paralli'l  two  and  two.  ' 

3.  The  triangular  prism,  the  simplest  of  prisms. 

3.  The  (eirahedran,  the  simplest  of  pyramids.  Efen  Ihissm&ll 
mmbei  of  primitive  forms,  if  we  consider  the  almost  endless  di- 
versity of  size,  proporlicin,  and  density,  to  which  particles  of  ' 
dilferent  bodies,  though  they  have  the  same  figure,  may  slill  b» 
liatile.  will  be  found  fully  sufficient  to  account  for  all  rhe  differ, 
ences  in  cohesion  and  heterogeneous  aflinity,  without  hafiog  re. 
coarse  to  different  absolute  forces. 

These  integrant  particles,  when  tbey  unite  to  form  the  primitive 
crystals,  do  not  always  join  tof^ether  in  ihc  same  way.  Somelimet 
tkey  unite  by  their  faces,  and  at  other  limes  by  their  edges,  leav* 
ing  considerable  ncuilies  between  each.  This  explains  nhyinte- 
gnnl  particles,  (hough  they  have  the  same  form,  may  compose  pri- 
mitiTe  crystals  of  different  figures. 

Mr.  Hauy  hu  ascertained  thai  the  primitiTe  forms  of  crystals  art 
six  in  aumber;  namely, 

1.  The  parallel o piped,  which  includes  the  cube,  the  rhomboid, - 
lad  all  ioVvls  terminated  by  sii  faces,  parallel  two  and  two.  . 

2.  The  regular  tetrahedron.  I 

3.  The  oct»bedron  with  triangular  faces. 

4.  The  six-sided  prism. 

5.  The  dodecahedron,  terminated  by  rhombs. 

A.  The  dodecahedron,  with  isosceles  trJancDlar  faces. 

Each  of  tbe««  may  be  supposed  to  occur  as  the  primitive  form,  or 
Qie  nocleos  in  a  variety  of  bodies  ;  but  those  only  which  are  regu- 
,kr,  as  (he  cube  and  (he  octahedron,  have  hitherto  been  found  ia    i 
Iny  considerable  number.  •] 

But  bodies,  wlien  crystallized,  do  not  always  appear  in  the 
JirimitiTe  form  ;  some  of  them  indeed  very  seldom  affect  that  form; 
■nd  all  of  them  bare  a  certain  latitude  and  a  certain  numlier  of 
(brms,  which  Ihcy  assume  occasionally  as  well  as  the  primitive  form.    ^ 
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Tbm  €tm  primitiTe  torn  of  flwite  of  lime  is  the  octahedron;  bat 
HuU  salt  is  often  fonnd  crystallized  in  cnbes,  in  rhomboidal  dodo* 
cahedronsy  and  in  other  forms.  All  these  different  forms  whidi 
a  body  assumes,  the  primitife  excepted,  hare  been  denominated 
by  Hany  secondary  formic  Now  what  is  the  reason  of  this  lati. 
tnde  in  crystallising  ?  why  do  bodies  assnnie  so  often  tliese  se» 
eondary  forms  ? 

7.  To  thb  it  may  be  answered : 

Ist,  That  these  secondary  forms  are  sometimes  owing  to  raria- 
tions  in  the  ingredients  which  compose  the  integrant  particles  of 
any  particnlar  body*  Alum,  for  instance,  crystallizes  in  oetalie» 
drons )  but  when  a  quantity  of  alumina  is  added»  it  crystallizes  in 
cnbes ;  and  when  there  is  an  excess  of  alumina,  it  does  not  crys- 
tallize at  all.  If  the  proportion  of  alumina  varies  between  timC 
which  produces  octahedrons  and  what  produces  cubic  crystals, 
the  crystals  become  figures  with  fourteen  sides ;  six  of  which  are 
parallel  to  those  of  the  cube,  and  eight  to  those  of  the  octahedron ; 
and  according  as  the  proportions  approach  nearer  to  those  which 
form  cubes  or  octahedrons,  the  crystals  assume  more  or  less  of 
the  form  of  cubes  or  octahedrons.  What  is  still  more,  if  a  cable 
crystal  of  alum  be  put  into  a  solution  that  would  afibid  octahedral 
crystals,  it  passes  into  an  octahedron  :  and,  on  the  other  bond,  as 
octahedral  crystal  put  into  a  solution  that  wonld  aft>rd  cubic  erju 
tals  becomes  itself  a  cube*.  Now,  how  difficult  a  matterit  is  to 
proportion  the  diflforent  Ingredients  with  absolute  esactneis  must 
appear  evident  to  all. 

M,  The  secondary  forms  are  sometimes  owing  to  tlie  solfent  in 
which  the  crystals  are  formed*  Thus  if  common  salt  be  dissolred 
hi  water,  and  then  crystallized,  it  assnmes  the  form  of  cubes; 
but  when  crystallized  in  urine,  it  assumes  the  form,  not  of  cnbes^ 
but  of  regular  octahedrons*  On  the  other  hand,  muriate  of  am* 
monim,  when  crystallized  in  water,  assnma  the  odahodml  fsm, 
bnt  in  urine  it  crystallizes  ia  cnbes  f* 

3d,  But  even  when  the  solvent  is  the  same,  and  tte  proportlstt 
of  ingredients,  as  far  as  can  be  ascertafaMd,  ezactlj  the  Moe^ 
still  there  are  a  variety  of  secondary  forms  which  usnaBy  make 
their  appearance.    These  secondary  forms  have  been  ha^q^iily  ex. 


•  LcMaac,  Abb.  de  GMii.  ziv.  149^ 

t  Fmircroy  sod  Yaaqodbi,  ibid.  xlv.  149. 
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pitlned  by  the  theory  of  cryttallb&tien,  for  wUck  «« tf«  tad 
tD  thv  Mgscil}'  of  Mr.  Haaj  ;  s  ibeory  vUdi,  Str  ib  i 
'dMrness,  >D<t  importance,  idb!)  e*PT  nak  U^  *Bd  vUeb  ■«( 

coiifidrretl  *s  ooe  of  Ihe  greUnt  arqviiitioM  « 
ff,  ud  even  chemistry,  faare  hitherto  attaiaed. 

Accordingto  tbb  theory,  Ihe  idditioaal  MiUer  wUch  ^ndi^M 
Ae  prinitlTe  nucleai  consiits  of  tUn  dice*  or  tuf*n  of  p 

ne  abore  another  apoa  the  beet  of  that  aadeas,  aad  cm! 
ll^r  decr«a5ing  in  she,  io  conseqneiice  of  the  abMiactiea  af  aac 
•r  mora  rowi  of  integrant  pairticfei  tnm  lb  edges  or  eagles. 


ON  THE  NATl'SE  OP  TBB  DIAMORD. 

a  HE  dUtDond  B  not  more  an  object  of  attentioa  to  Ik*  jeweller 
Ot  lapidary  Ifcan  fo  tlie  ctiemitt ;  for  it  il  as  nngalar  ia  ilj  Eawpa. 
Utitin  among  Ihe  cryitals,  as  It  is  raluable,  on  aceoaat  of  iti  raritj 
and  laitre,  amoog  tlie  gems  :  baTing  of  lale  lieea  fally  iiiiifiian! 
tb  cuniift  of  nothing  more  than  pure  charcoal  m^c*  a  pecvlkr 
Ittfe  or  rrptalliiaiion. 

Up^n  this  mbjecl  we  ihall  c<^  Mr.  Smithtoa Teaaat't  tatettst. 
ifi^  {levr,  ai  cammanicaled  to  ibe  Royal  S»dely  hi  179T. 
^  Sir  liaac  Tiewtoo  baTing  obserred  that  tnflassiable  bodiei  had 
I  greater  refraction,  in  proportion  to  their  dewity,  than  other 
bedief,  and  that  (he  diamond  resembled  then  in  thii  pr^i^rtT, 
rai  indoCed  to  conjecture  that  the  diamond  itself  was  of  an  in. 
[ammalile  netore.  The  inflammable  tobtOnce*  which  he  employ. 
CT«  camphire,  oil  of  turpentine,  oil  of  olire«,  and  amber; 
fbeite  fa*  caTled  "  fat,  lutpbureon;,  nnctaons  bodies;"  aod  using 
lie  same  espresstoo  respecting  the  diamond,  he  says.  It  is  pro- 
nbly  "  an  oDctnons  body  coagulated."  Thb  remarkable  conjee. 
iue  of  Sir  Isaac  Newton  has  been  since  confirmed  by  repeated 
bperimenls.  It  was  found,  that  thongh  the  diamond  was  cipabla 
4f  milling  Ihe  effects  of  a  violent  heal  when  the  air  was  carefully 
aclnded,  yet  that  on  being  exposed  to  the  action  of  heal  attd 
It  miglit be  entirely  consamed.     lint  as  tbe  sole  object  of  these 
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experiments  was  to  ascertain  the  inflammable  natnre  of  the  dia. 
mond,  no  attention  was  paid  to  the  products  afforded  by  its  com- 
bustion ;  and  it  still  therefore  remained  to  be  determined  whether 
the  diamond  was  a  distinct  substance,  or  one  of  the  known  in. 
flammable  bodies.  Nor  was  any  attempt  made  to  decide  this 
question  till  M.  Lafoisier,  in  1772,  undertook  a  series  of  experi- 
ments for  this  purpose.  He  exposed  the  diamond  to  the  heat  pro* 
duced  by  a  large  lens,  and  was  thus  enabled  to  burn  it  in  cloiO 
glass  Tessels,  He  observed  that  the  air  in  which  the  inflammation 
bad  taken  place  had  become  portly  soluble  in  water,  and  precipi. 
tated  from  lime. water  a  white  powder  which  appeared  to  be  chalky 
being  soluble  in  acids  with  efferrescence.  As  M .  Laroisier  seems 
to  have  had  little  doubt  that  this  precipitation  was  occasioned  by 
the  pro<!uction  of  fixed  air,  similar  to  that  which  is  afforded  by 
calcareous  substances,  he  might,  as  we  know  at  present,  have  in- 
ferred that  the  diamond  contained  charcoal ;  but  the  relation  be- 
tween that  substance  and  fixed  air,  was  then  too  imp«*rfectly 
understood  to  justify  this  conclusion.  Though  he  observed  the 
resemblance  of  charcoal  to  the  diamond,  yet  he  thought  that  no- 
thing more  could  be  reasonably  deduced  ^om  their  analogy,  than 
that  each  of  these  substances  belonged  to  the  class  of  inflammable 
bodies. 

As  the  natnre  of  the  diamond  is  so  extremely  singular,  it 
seemed  deserving  of  further  examination  ;  and  it  will  appear  from 
the  following  experiments,  that  it  consists  entirely  of  cliarcofti, 
differing  from  the  usual  state  of  that  substance  only  by  its  crystal- 
lized form.  From  the  extreme  hardness  of  the  diamond,  a  stronger 
degree  of  heat  is  required  to  inflame  it,  when  exposed  merely  to 
air,  than  can  easily  be  applied  in  close  vessels,  except  by  means 
of  a  strong  burning  lens ;  but  with  nitre  its  combustion  may  be 
effected  in  a  moderate  heat.  To  expose  it  to  the  action  of  heated 
nitre  free  from  extraneous  matters,  a  tube  of  gold  was  procured, 
which  by  having  one  end  closed  might  serve  the  purpose  of  a  re» 
tort,  a  glass  tube  being  adapted  to  the  open  end  for  collectim 
the  air  produced.  To  be  certain  that  the  gold  vessel  was  perfectly 
closed,  and  that  it  did  not  contain  any  unperceived  impnritiei 
which  could  occasion  the  production  of  fixed  air,  some  nitre  was 
heated  in  it  till  it  had  become  alkaline,  and  afterwards  dissolve! 
out  by  water ;  but  the  solution  was  perfectly  free  from  fixed  tiri 
as  it  did  not  affect  the  transparency  of  lime-water.    When  tlM 
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1  was  destrayed  in  the  gold  T«ssel  by  nitre,  tiie  snbstuice 
kh  TVfliaiiia]  precipitated  lime  from  lime-wUer,  and  vitb  scidi 
llarded  nitroai  and  fixed  sir  ;  anil  ii  oppeared  %o\ely  to  coDsist  of 
llU«  ptrltj  decomposed,  anil  of  aerated  alkali, 
.  In  order  (o  estimate  Ibe  quantity  of  bxcd  air  which  migbt  b* 
iurd  from  »  giren  weight  of  diamonds,  3|  gn.  of  small  dia. 
ds  were  weijbed  with  great  accuracy,  and  being  put  into  the 
uliii  ^  01.  of  nitre,  were  kept  in  a  itrong  red  beat  for  about 

■  bour  and  a  half.  The  beat  being  gradually  increased,  the  nitre 
I  in  tome  degree  rendered  alkaline  before  the  diamond  begau 
be  iDdamed,  by  which  means  almost  all  the  fixed  ur  was  re. 
aed  by  tbe  alkali  of  the  nitre.  Tbe  air  which  came  OTer  was 
i>dac*d  by  the  decompo^lion  of  the  nitre,  and  contained  so  littte 

1  4if  u  to  occasion  only  a  rery  slight  precipitation  from  lime* 
er.     After  the  tobe  bad  cooled,  the  alkaline  matter  contdinvd 

■  It  was  dtssoHed  in  water,  and  the  whole  of  the  diamonds  were 
Had  to  hare  been  destroyed.  As  ao  acid  would  disengage  nitrous 
Ir  from  this  solnlion  as  well  as  the  fixed  air,  the  quantity  of  the 
ttler  cowld  not  in  that  manner  be  accurately  determined.     To 

■(male  this  incoorenience,  the  fixed  air  was  made  to  unite  with 

alrsreODs  emrtb,  by  poariiig  into  the  alkaline  solution  a  sulhcient 
■Dtify  of  a  saturated  solution  of  marble  in  marine  acid.  Tbe 
Mel  which  contained  them  being  closed,  was  left  undisturbed  till 
•  pTMipitate  had  fallen  to  the  bottom,  the  solution  having  been 

pniovsiy  heated  that  it  might  subside  more  perfectly.  The  clear 
r  being  fannd,  by  means  of  lime.water,  to  be  quite  free  from 
air,  was  carefully  poured  oATrom  the  calcareous  precipitate*. 

be  Tr4sel  used  on  this  occasion  was  a  glas^  globe,  having  a  tube 
>xrd  to  it,  that  the  quantity  of  the  fixed  air  might  be  more 

■tcurately  tseasnred.  After  as  much  qnicksiWer  had  bei^n  poured 
D  tbe  glasi  globe  containing  calcareou-^  precipitate  as  was  neces. 
7  to  fill  it,  it  was  inrerted  in  a  vessel  of  ihe  same  Quid.  Some 
Lflnc  acid  being  then  made  to  pass  ap  into  it,  tiie^fiied  air  was 

•ipelled  from  the  calcareous  earth ;  and  in  this  exp<,Tiinent,  in 

vhich  Sj-  gn.  of  dbmonda  bad  been  employed,  occupied  the  space 

uch  water  M  remitineil,  m.  coosidfrable  poniaii  of  Itc   filed  air 

f  beta  abiorbrd  by  ii-      Bui  by  Ihr  *ainp  melhod  ai  thai  deKribcd 

.bfcnta,  that  as  ninth  fiicil  air  might  he   oblaincd  from  a  salulixn 

•f  ■lural  alkali,  as  by  addingan  acid  toan  eqml  qiantity  of  tbe  MBCkiod 

*a]k»li,-Oaro.  

r.4 
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of  Ji  little  more  than  10.1  ot*  of  water.  The  temperatare  of  Hm 
room  when  the  air  was  measured,  was  at  55*,  and  the  barometer 
stood  at  abont  M»8  inches. 

From  another  experiment  made  in  a  similar  mauner  with  1  gr« 
and  a  half  of  diamonds,  the  air  obtained  occnpied  the  space  of 
0.18  OS*  of  wateri  accordiof  to  which  proportion  the  bulk  of  the 
filed  air  from  8  and  i  gr.  would  have  been  equal  to  10.3  os. 

The  quantity  of  fixed  air  thus  produced  by  the  diamond,  does 
not  differ  much  from  that  which,  according  to  M.  La? oreier,  might 
l>e  obtained  from  an  equal  weight  of  charcoal.  In  the  Memoirs 
of  the  French  Academy  of  Sciences,  for  the  year  1781«  he  lias 
related  the  Tarious  experiments  which  he  made  to  ascertain  the 
proportion  of  charcoal  and  oxygen  In  fixed  air.  From  those  which 
he  considered  as  most  accurate,  he  concluded  that  100  parts  of 
fixed  air  contain  nearly  38  parts  of  charcoal  and  7%  of  oxygen. 
He  estimates  the  weight  of  a  cubic  inch  of  fixed  air,  nnder  the 
pressure  and  in  the  temperature  aboTe-mentioned,  to  be  .695  parts 
of  a  grain.  If  we  reduce  the  French  weights  and  measures  to 
English,  and  them  compute  how  much  fixed  air»  according  to  this 
proportion,  3-j^  grs.  of  charcoal  wonld  produce,  we  shall  find  that 
it  ought  to  occupy  Tery  nearly  the  bulk  of  10  ox.  of  water. 

M.  Lavoisier  seems  to  have  thought  that  the  aerial  fluid  prodneed 
by  the  combustion  of  the  diamond  was  not  so  soluble  in  water  aa 
that  procured  from  calcareous  substances.  From  its  resemblanoe 
however,  in  various  properties,  hardly  any  doubt  eouM  remaia 
that  it  consbted  of  the  same  ingredients ;  and  I  fonnd,  on  com* 
bining  it  with  lime,  and  exposing  It  to  heat  with  phosphormi,  that 
it  afforded  charcoal  in  the  same  manner  as  any  other  caleareou 
substance.  [PAi/.  TVaiia.  17W. 

Since  the  above  account,  M.  Guyton  de  Monrean  having  Iranit 
the  diamond  In  oxygen  gas,  by  the  solar  rays,  and  tkerebf 
obtained  eniA^nie  acid  without  residue,  presumed  that  hm  Ml 
ascertained  am  diamond  to  consist  of  pure  carbon,  or  tiw  pare 
principle  of  charcoal,  that  which  yields  the  pare  acidifiaUe  basil 
of  the  carbonic  acid.  But  it  was  Clonet  who  proposed  the  eos- 
elusive  experiment  of  making  soft  iron  pass  to  the  state  ef  steely 
by  cements  tlon  with  the  diamond.  To  this  end  he  secured  a  dia^ 
mond  with  some  filings  of  Iron,  in  a  cavity  bored  la  a  block 
of  soft  iron,  filling  np  the  cavity  with  a  stopper  of  iiw.    Tha 
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«bol«  properly  iodotMl  in  a  crvcible,  ««s  uposed  to  tke  hml  t 
»  bUrt  furnace,  by  wbicfa  the  diaamd  £iappe«r«d,  aad  ifce  ^^ 
wu  foMd,  and  conrerted  into  a  fmall  mn  or  bMlaa  ^  oaM  ata^ 


CHAK   XII. 

MARUrACTUKE   Or   GLASft. 

\Jlih  H  »  stririly  chemical  labatUKc,  aad  widl 
aitoadao  aa  to  iU  hitlvry,  prapertiea,  aad 


Hittmrg  of  the  itwartry. 

Tnc  word  glaft  ■■  formed  of  tbe  LatiB  gtm^mrn^  «  ?*>■(«  '*' 
by  tbe  Gr*eki,  halii ;  bjr  the  Roaana,  virrum;  bj  flw  aaci 
Britoni,  gaaitam  ;  by  tbe  Engliib,  «#a^.    We  fod  frv^arat  ■ 
lion  uf  tfcit  plant  in  ancient  wrtlcri,  partinUrij  Ckmt,  V>'rH«:a^  ' 
PUnjr,  &c.    otbo  relate,   tkit   tJi»  >ncMat  BnTsNt  p«inlrH  or  i^rd 
tbetr  boitim  with  glastuRi.  gnadaiD,  Titmm,  kc  \.  ^.  wit*  iJM:  M^ 
colour  procured  from  itui  plaot.     And  brnco  i^  fartft^a  nal 
we  arc  cpeakinf  of  came  to  be  calkd  |la!i,  u  barikj  alvajli  J 
■ooobat  of  tbif  blaenbneaa  is  it. 

At  wbal  lime  tlie  art  of  f^lajs.nMkin;  waa  fir«i  inrenteil  il 
kllogelher  nocertaio.  Some  imagine  it  to  hare  btf  n  inrtvted  h^ 
tbe  flood  :  bat  of  Ihii  we  fasve  no  direct  proof,  titoagb  thets 
ia  no  improbabililj  in  the  soppotilioD  ;  for  we  know,  that  M  is  sk 
■aiMt  impossible  to  eicite  a  very  violeal  fire,  such  as  i>  oeceMar/ 
in  nMtaUoriiK'  operalioni,  without  Tilrifyin;  part  of  tbe  bricks  or 
atonei  wberewHh  the  furnace  is  built.  This,  indeed,  might  fumial 
the  firrt  hhrii  of  glaM.mtking  ;  thongh  it  is  also  lery  probable^  | 
that  SDch  imperfect  *itri6caiioDS  would  be  obsrrred  a  long  timtt 
■before  peopiP  lbooi;lit  of  maliiiig  any  use  of  them. 

The  Egyptians  boast,  that  this  art  was  taught  them  by  Uicir 
fteit  Henne*.  Aristophanes,  Aristotle,  Ak-iander,  Aphrodiseut, 
l.Bcretins,  and  St,  John  tbe  divioe,  pnt  it  oot  of  all  doubt  that' 
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glass  was  osed  in  their  days.  Pliny  relates,  that  it  was  first  dtf- 
coTered  accidentally  in  Syria,  at  the  mouth  of  the  river  Belos, 
by  certain  merchants  driven  thither  by  a  storm  at  sea ;  who  being 
obliged  to  continue  there,  and  dress  their  victuals  by  making  a  fire 
on  the  ground,  where  there  was  great  plenty  of  the  herb  kali ; 
that  plant  burning  to  ashes,  its  salts  mixed  and  incorporated  with 
the  sand,  or  stones  fit  for  vitrification,  and  thus  produced  glass ; 
and  that,  this  accident  being  known,  the  people  of  Sidon  in  that 
neighbourhood  essayed  the  work,  and  brought  glass  into  use ;  since 
which  time  the  art  has  been  continually  improving.  Be  this  as  it 
may,  however,  the  first  glass-houses  mentioned  in  hbtory  were 
erected  in  the  city  of  Tyre,  and  here  was  the  only  staple  of  the 
manufacture  for  many  ages.  The  sand  which  lay  on  the  shore  for 
about  half  a  mile  round  the  mouth  of  the  river  Belus  was  peJDolU 
arly  adapted  to  the  making  of  glass,  as  being  neat  and  glittering; 
and  the  wide  range  of  Tyrian  commerce  gave  an  ample  vent  for 
the  productions  of  the  furnace. 

Mr.  Nixon,  in  his  observations  on  a  plate  of  glass  found  at  Her« 
culaneum,  which  was  destroyed  A.  D.  80,  on  which  occasion  Pliny 
lost  his  life,  offers  several  probable  conjectures  as  to  the  oses 
to  which  such  plates  might  be  applied.  Such  plates,  he  supposes^ 
might  serve  for  specula,  or  looking-glasses ;  for  Pliny,  in  speaking 
of  Sidon,  adds,  Siquidem  etiam  specula  excogitaverat :  the  reflec* 
tion  of  images  from  these  ancient  specula  being  effected  by  be* 
smearing  them  behind,  or  tinging  them  through  with  some  dark  oo» 
lour.  Another  use  in  which  they  might  be  employed  was  for  adorn- 
ing the  walls  of  their  apartments,  by  way  of  wainscot,  to  which 
Pliny  is  supposed  to  refer  by  his  vitrex  caroerse,  lib.  xxxvi.  cap. 
36.  s.  64.  Mr.  Nixon  farther  conjectures,  that  these  glass  plates 
might  be  used  for  windows,  as  well  as  the  lamina  of  lapis  speca« 
laris  and  phengites,  which  were  improvements  in  luxury  mention- 
ed by  Seneca,  and  introduced  in  his  time,  Ep.  xc.  However, 
there  is  no  positive  authority  relating  to  the  using  of  glass,  windows 
earlier  than  the  close  of  the  third  century  :  Manifestins  est  (says 
Lactantius),  mentem  esse,  quae  per  oculos  ea  quae  sunt  opposita, 
transplciat,  quasi  per  fenestras  lucente  vitro  aut  specular!  lapide 
obductas. 

The  first  time  we  hear  of  glass  made  among  the  Romans  was  in 
the  reign  of  Tiberius,  when  Pliny  relates  that  an  artist  had  his 
house  demolislied  for  making  glass  malleablei  or  rather  flexible  j 
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tbough  Petronius  Arbiter  and  some  otWrt  auare  ai,  that  tkt  e^  J 
|t«roT  ordered  the  artut  (o  be  bebeadHi  for  kb  iJaTvailan. 

It  appears,  bow? ler,  (hat  before  the  conqnest  or  Britain  b;  tte  ! 
RoDianj,  g  I  •.-.•-ha  uses  had  been  erected  in  this  blatid,  u  wt-II  a 
Giul,  Spain,  and  ItaW.     Hence  in  many  para  of  ike  conUfj 
are  to  be  fonnd  annulets  of  glasa,  bafing  a  narrow  perforatioa 
and  thick  rio,  den  omit)  a  ted  by  the  rem^oing  Britons  gltiDea  mi. 
greedh,  or  glass  adders,  and  which  were  probably  ia  former  tinei 
Dted  as  annnlets  by  the  druids.     It  can  ccarcely  be  qnestioned 
that  the  Britons  were  sofficieafly  well  rersed  in  the  manafactnra 
of  glass,  to  form  out  of  it  manj  more  useful  mstruments  than  tim 
|lus  beads.     History  indeed  assures  us,  that  they  did  manufaca    | 
tute  a  considerable  quantity  of  glass  rrssels.     These,  liLe  their    ' 
innuleti,  were  most  probably  green,  blue,  yellow,  or  black,  a 
many  ut  (bem  curiously  streaked  with  other  colours.    The  procen   , 
in  (he  manufacture  would   be  nearly   the   same   with  that   of  tht 
CauU  aud  Spaniards.     The  sand  of  their  shores,  being 
to  a  ittfficlcDt  degree  of  fineness  by  art,  was  mixed  with  ibree- 
tourtbs  of  til  weight  of  their  nitre  (much  the  same  h  ith  odt  kelp), 
and  both  were  melted  together.     Tiie  metal  was  (hen  poured  into    j 
other  ressels,  wlwre  it  was  left  to  harden  into  a  mas;,  and  after- 
vards  fplaced  in  the  furnace,  where  it  became  transpari-n(  in  tb> 
boiling,  and  was  afterwards  ligiired  by  blowing  or  modelling  in 
tlie  lalfae  into  such  vessels  as  they  wanted. 

It  is  not  probable  that  the  arriTal  of  the  Ramans  would  impron 
the  glass  loaonfaclure  among  the  Britons.  The  taste  of  the  Roniam 
at  that  lime  was  just  the  reverse  of  that  of  the  inhaliitants  or  this 
bUnd.  The  former  preferred  silver  anil  gold  to  glass  for  (he  com. 
position  of  (heir  drinking -vessels.  They  made,  indeed,  great  im- 
provements in  their  own  at  Rome,  during  the  government  of  Nero. 
The  Trsscis  then  formed  of  (his  metal  rifalled  (he  bowls  of  porce. 
lain  in  their  dearness,  and  equalled  the  cups  of  crystal  in  theff 
clrartiMi.  But  these  tvere  by  far  too  costly  for  common  use;  and 
therefore,  in  all  prohabtlily,  were  never  attempted  in  Britatn.  i 
The  ^lass  cotnmoDly  made  use  of  by  (he  Romans  was  of  a  quality  ^ 
greatly  inferior ;  and  from  the  fragments  which  have  been  dist 
vpretJ,  Bt  the  nations  or  towns  of  either,  appear  to  have  consisted 
fif  a  thicli,  sometimes  white,  but  mostly  blue  green  metal. 

According  to  the  venerable  Bede,   artificers  skilled  in  making 
eIms  for  windows  were  broaght  over  into  England  in  the  year  G74| 
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bj  abbot  Benedict,  who  were  emplojed  in  gUsing  tbe  chnrdi  and 
monastery  of  Weremoutb.  According  to  others,  they  were  first 
brought  OTer  by  Wilfrid,  bishop  of  Worcester,  about  the  same 
time.  Till  this  time  the  art  of  making  such  glass  was  unknown  In 
Britain ;  though  glass  windows  did  not  liegin  to  be  common  be« 
fore  the  year  1180:  till  this  period  they  were  rery  scarce  in  prL 
▼ate  houses,  and  Considered  as  a  kind  of  luxury,  and  as  marks  of 
great  magnificence.  Italy  had  them  first;  next  France,  from 
whence  they  came  into  England. 

Venice  for  many  years  excelled  all  Europe  In  the  fineness  of  its 
glasses ;  and  in  the  thirteenth  century  the  Venetians  were  the  only 
people  that  had  the  secret  of  making  crystal  looking-glasses.  Tha 
great  glass»works  were  at  Muran,  or  Mnrano,  a  Tillage  near  tlM 
city,  which  furnished  all  Europe  with  the  finest  and  largest  glasses. 

The  glass  manufacture  was  first  begun  in  England  in  1557 :  flie 
finer  sort  was  made  in  the  place  called  Crutched  Friars,  In  Lon. 
don ;  the  fine  flint  glass,  little  inferior  to  that  of  Venice,  was  first 
made  in  the  SaToy-house,  in  the  Strand,  London.     This  manu* 
facture  appears  to  hare  been  much  improfed  in  1035,  when  it 
was  carried  on  with  sea. coal  or  pit-coal  instead  of  wood;  and  a 
monopoly  was  granted  to  Sir  Robert  Manseli,  who  was  allowed  to 
import  the  fine  Venetian  flint  glasses  for  drinking,  the  art  of 
making  which  was  not  brought  to  perfection  before  the  reign  of 
William  III.     But  the  first  glass  plates,  for  looking-glasses  and 
coach-windows,  were  made  in  1673,  at  Lambeth,  by  the  encou- 
ragement of  the  Duke  of  Buckingham  ;  who  in  1670  introduced 
the  manufacture  of  fine  glass  into  England,  by  means  of  Venetlaa 
artibts,  with  amazing  success.     So  that  within  a  century  past,  tie 
French  and  English  have  not  only  come  up  to,  but  even  surpassedp 
the  Venetians ;  and  we  are  now  no  longer  supplied  from  abroadt 

The  French  made  a  considerable  improTement  in  the  art  of 
glass,  by  the  invention  of  a  method  of  casting  Tery  large  plates, 
till  then  unknown,  and  scarce  practised  yet  by  any  but  thenu 
selves  and  the  English.  That  court  applied  itself  with  a  laudaUft 
industry  to  cultivate  and  improve  the  glass  manufacture.  A  conu 
pany  of  glass. men  was  established  by  letters  patent;  and  it  was 
provided  by  an  arret,  not  only  that  the  working  in  glass  slodd 
not  derogate  any  thing  from  nobility,  but  even  that  none  but 
nobles  should  be  allowed  to  work  in  it. 

An  extensive  mitnufactoiy  of  this  elegant  and  valuable  Inincl 
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of  cMiuwK*  was  first  established  in  L««eufi>T«,  abmt  <li«  /Mr 
177:1,  ihrfl«g;k  lh#  iplrilrd  «tertioas  of  a  Tvry  resprcuble  bodjr  o{.  . 
piO|)ti«t(ir«,    abo   wre   incorponM    by   rq   icl   of   pulian 
From  lhitt«  varMoa  ditGculcipi  constantly  attendant  npon  new  d 
d^rlakios*,   vfaen    they    bare   to  coolend   with   poweTful  fore^ 
ntaliliahDHBU,   it  has  not,  faoweTer,   been  conducted  with  a 

grtAt  <I«£R«  of  IBCCMS. 

SECTION    II. 

Propertitt  of  Glatt. 
The  pToperti«s  of  gl.iii  are  highly  mlerettiog  and  renuickable^ 
TW  fallowing  are  among  the  tnoii  cdHous. 

I.  Gtut  is  one  of  the  most  elastic  bodies  in  nature, 
fiirce  wilb  which  glut  balU  i>lrike  each  other  be  reckoned  stileei^ 
Itiat  wbercwilh  they  recede  hy  Tirtoe  of  Iheir  elasticity  < 
Dearly  fifteen , 

9.  When  glais  is  saddenly  cooled,  it  becomes  eiceedingly  brl^  I 
Ite  ;  and  tUi  britlleneis  U  sometimes  attended  with  very  sorj 
pfaxnoiriTna.  Uollow  bells  made  of  anoealed  gUu,  with  a 
hole  ]n  theta,  will  fly  (o  pieces  by  the  heat  of  Ihe  hand  only, 
the  bole  by  which  the  Internal  and  eitemal  air  comiDDmcale  b^  1 
stopped  wilb  a  finger.  Lately,  howerer,  some  vessels  made  of  I 
such  annealed  glass  have  been  discorereJ,  which  have  (he  remarka-  f 
•We  property  of  resisting  very  hard  strokes  given  from  wilhooti-1 
thodgh  ibey  Bhlrer  to  pieces  by  the  shocks  receiTeil  from  the  fal^  | 
of  Tety  light  Vid  minute  bodies  dropped  lota  their  ci 
glasws  may  be  made  of  any  shape ;  all  that  need  be  obserred  UfM 
making  them  is,  that  their  bottom  be  thicker  than  their  sides:  j 
The  thicker  the  bottom  is,  the  easier  do  the  glasses  break.  On**  I 
whose  bottom  is  three  fingers  breadth  in  thickness  flies  with  of  I 
ranch  ease  at  least  as  the  thinnest  glass.  Some  of  these  vessel^<J 
have  been  tried  with  strokes  of  a  mallet  sufficient  la  drive  a  I 
into  wood  tolerably  bard,  and  have  held  good  without  breakings  I 
They  bare  alio  resisted  the  shock  of  several  heavy  bodies  let  ttAM 
into  their  cavities,  from  the  height  of  two  or  three  feet ;  as  muskei^  I 
balls,  pieces  of  iron  or  other  metal,  pyrites,  jasper,  wood,  boiwy  j 
&c.  Bat  this  is  not  surprising,  as  other  glasses  of  the  same  shap^  j 
and  liie  will  do  the  same  ;  but  the  wonder  is,  that  taking  a  shivar  J 
of  flint  of  the  size  of  a  small  p'-a,  and  letting  it  fall  into  the  glass  I 
•nly  from  the  height  of  three  inches,  in  about  two  seconds  tha 
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l(lsti  flies,  and  sometimes  at  the  rery  moment  of  the  shock ;  najr, 
a  bit  of  flint  no  larger  than  a  grain  dropped  into  several  glasses 
saceesKiTely,  thouj^h  it  did  not  immediately  break  them,  yet  when 
set  by,  they  all  flew  in  less  than  three  quarters  of  an  hour.  Some 
otii«*r  bodies  produce  this  effect  as  well  as  flint ;  as  sapphire,  dia- 
mond, porcelain,  hard  tempered  steel ;  also  marbles  sach  as  boys 
play  with,  and  likewise  pearls.  Thi^se  experiments  were  made  be. 
fon.  the  Royal  Society,  and  succeeded  equally  when  the  glasses 
were  held  in  the  hand,  when  they  were  rested  on  a  pillow,  pat  ia 
water,  or  filled  with  water.  It  is  also  remarkable,  that  the  glasses 
broke  upon  having  their  bottoms  slightly  rubbed  with  the  finger, 
though  some  of  them  did  not  fly  till  half  an  hour  after  the  rubbing. 
If  the  glasses  are  every  where  extremely  thin,  they  do  not  break 
in  these  circumstances. 

Some  have  pretended  to  account  for  these  phenomena,  by  say* 
in;;,  that  the  bodies  dropped  into  the  vessels  cause  a  concussion 
which  is  stronger  than  the  cohesive  force  of  the  glass,  and  conse- 
quently that  a  rupture  must  ensue.  But  why  does  not  a  ball  of 
iron,  gold,  silver,  or  co|;per,  which  are  perhaps  a  thousand  times 
heavier  than  flint,  produce  the  same  eflect  ?  It  is  because  they  are 
not  elastic.  But  surely  iron  is  more  elastic  than  the  end  of  one's 
finger.  Mr.  Euler  has  endeavoured  to  account  for  these  appear- 
ances from  his  principles  of  percussion.  He  thinks  that  this  ex« 
periment  entirely  overthrows  the  opinion  of  those  wlio  measure 
the  force  of  percussion  by  the  Tis  viva,  or  absolute  apparent 
strength  of  the  stroke.  According  to  his  principles,  tlie  great 
hardness  and  angular  figure  of  the  flint,  which  makes  the  space  of 
contact  with  the  glass  extremely  small,  ought  to  cause  an  inpras* 
sion  on  the  glass  vastly  greater  than  lead,  or  any  other  Metal; 
and  this  may  account  for  the  flint's  breaking  the  vessel,  tliongh  Um 
bullet,  even  falling  from  a  considerable  height,  does  no  dam^. 
Hollow  cups  made  of  green  bottlcglass,  some  of  them  three  indies 
thick  at  the  bottom,  were  instantly  broken  by  a  shiver  of  flinl^ 
weighing  about  two  grains,  though  they  had  resisted  the  shock  of 
a  musket.ball  from  the  height  of  three  feet. 

That  Mr.  Euler's  theory  cannot  be  conclusive  any  more  than 
the  other,  must  appear  evident  from  a  very  slight  consideration. 
It  is  not  by  angular  bodies  alone  that  the  glasses  are  broken.  Tlie 
marbles  with  which  children  play  are  round,  and  yet  they  have  the 
same  effect  with  the  angular  flint.    Besides^  if  it  was  the  man 
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ferc«  of  percussion  which  broke  the  glosses,  DDdiiubt^dlj 
fiactnrt  would  always  take  place  at  the  very  instaQt  of  the  stroke; 
but  we  Imt«  seen,  that  ib'a  did  not  happKO  soinetiiiL'S  till  a  very 
Coittiilermble  space  of  time  hod  elapsed.  It  i;  evident,  therefore, 
th^t  tbia  efiecl  is  occationed  b>  thi^  putlin^  iii  irioliuii  some  snbttia 
luid  witb  tabich  ihe  substanre  of  the  ^ais  is  filled,  and  that  tb^ 
OiDlioiH  of  this  Said,  xlien  once  excited  in  a  particular  part  of  tb« 
t\t»i,  Mon  propagate  theinselTes  lliroDgb  the  whole  or  {''eaicst 
pirl  of  it,  bj  which  QenDs  the  cohesiTe  power  becomes  at  last  (oo 
«eak  to  resist  them.  There  can  he  Utile  doubt  that  the  fluiil  just 
low  tnentioned  a  that  of  eleclricily.  It  U  known  to  exist  in  glass  is 
ftr)  great  qoaatiiy  ;  and  it  also  it  kno»n  lo  be  capable  of  breaking 
|las&es,  nen  when  annealed  with  the  greatest  care,  if  pat  into  too 
Violeola  motion.      Probably  the  cooling  of  glass  hastily  may  make 

'  b  aiote  electric  than  is  consistent  with  lis  cal)esiTe  power,  so   that 
if  broken  by  the  least  increase  uf  motion  in  the  electric  Quid  bj 

'/rlctrao  or  otherwise.    This  is  evidently  ttie  c^se  when  it  is  broken 

Vy  naWin;  with  the  finger ;  but  wby  it  ibould  alHi  break  b^  tka 
nrte  conUct  of  Bint  and  the  other  bodies  aboTeaieDtuMwdj  fcl^ 
Ool  yet  t»e«il  Mljsfactnri'y  acrouoled  for. 

A  munt  nattktbt*!  pheaomtnoa  aI»o  is  prodnced  lt>  gUsa  tobM 
ptictd  in  cffliin  circumstances.  When  t)ie«e  are  laid  b^Eof* 
~t*  im  U  horiXMilal  position,  hanng  tlietr  eslraiuUei  profwrijr, 
topported,  they  acqtiire  a  rotatory  meiMm  nnad  tbtir  axia,  aad 
aJso  a  proj;mst?e  motion  lowirdi  the  in,  even  wboi  tUr  lap. 
pDtU  urn  declining  from  ibe  fire,  so  that  tW  labcc  will  wmrc  *  If^-- 
way  op  bin  towards  the  fire.  When  the  tube*  are  ' 
nearly  upright  pottar«,  leaning  la  Uw  tif^  hood,  the 
be  frooi  east  to  wett ;  but  if  tbey  IcM  to  Ike  Uft  ha 
tioti  wOl  be  from  west  to  east;  sod  the  acanr  thtf 
Ike  peKecily  upr^lil  poctore,  the  le«  viM  the  metiom  be  althar 
J.  If  the  tube  is  placed  hofiuwInUyw  ft  gtaapbac,  the  frag. 
■Dent,  (or  ioslaace,  of  coach  wiBdow..gUM,  hwlcad  o/  ■>*<lg  («» 
wards  the  fire,  it  will  nxnc  frm  ■(«  and  fthonl  iu  uia  ••  ft  «■* 
Irary  directiiw  to  whU  it  had  done  bcl«r«;  way,  it  wiB  ffcwdf 
from  the  in,  tmd  ao* e  a  Ihte  wp  hdl  whew  th>  pba* 
towards  the  fire.     Thew  e»peri««H»  an  recorded  Iw 

^  (Ucal  TnnsMrtiov.  TbeysBCcmM  beat  with  Iftbo, 
>r  tweirty.lwo  indM  kmg,  wbitA  had  in  Mch  cad  a 
pin  fixad  in  ccnk  16r  ■■  ftut- 
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The  rnson  gWen  for  these  phaenomma  is  the  iwelliiig  oT  tbc 
I  tubes  (uwardi  the  fire  by  the  hMt,  which  is  known  to  expand  all 
f  bodies.  For,  say  (he  adopiers  ot  tbia  h/^olhesis,  grnnling  the  «s- 
ce  of  such  a  swelling,  gravity  must  pull  lh<'  tube  down  when 
■upported  near  its  exlremilics  ;  and  a  fresh  part  bting  ouposed  to 
ire,  it  must  also  swell  out  and  fall  down,  and  go  un.  But, 
without  going  Tarlber  in  the  explanation  of  (his  hypothesis,  il 
may  be  here  remarked,  (hat  (he  fundamental  principle  on  which 
it  proceeds  is  false  :  for  (hongh  fire  indeed  makes  bodies  expand, 
it  does  not  increase  them  in  weight ;  and  therefore  (he  sides  of 
the  tub«,  though  one  of  (hem  is  expanded  by  the  fire,  mus(  sdll  re. 
main  in  equtllbrio ;  and  hence  we  must  cunclnde,  that  the  cause  of 
these  phKnomena  remains  yet  to  be  diecorered. 

4,  Glass  is  less  dilatable  by  heat  than  metalline  substances  ;  and 
■olid  glass  sticks  are  less  dilatable  than  tabes.  This  was  Rnl  dis. 
COTered  by  Colonel  Roy*,  in  making  eipeiimenls  in  order  to  re. 
dace  barometers  to  a  greater  degree  of  exactness  than  hath  hitherto 
been  found  practicable  ;  and  since  his  experiments  were  made,  one 
of  the  tubes  eighteen  inches  long,  being  compared  with  a  solid  glass 
rod  of  the  same  length,  the  former  was  found  by  B  pyrometer  (o  ex> 
pand  four  times  as  much  as  the  other,  in  a  heat  approaching  to  (bat 
of  boiling  oil.  On  account  of  the  general  quality  which  glass  has  of 
expanding  less  than  metal,  M.  de  Lac  recommends  it  to  be  used  in 
pendulums :  and,  he  says,  it  has  also  (his  good  quality,  that  its  es> 
pensions  are  always  equable  and  proportioned  to  the  degrees  of 
heat ;  a  quality  which  is  not  to  be  found  in  any  other  substance  yet 

5,  Glass  appears  to  be  more  fit  for  the  condensation  of  rapours 
than  metallic  substances.  An  open  glass  filled  with  water,  in  the 
lummer  time,  will  gather  drops  of  water  on  the  outside,  just  as  far 
as  the  water  in  the  Inside  reaches  ;  and  a  person's  breath  blown  on 
It  manifestly  moistens  it.  Glass  also  becomes  moist  with  dew, 
when  metals  do  not.  I 

8,  A  drink iag.glass  partly  filled  with  water,  and  rubbed  oa  the  i 
brim  with  a  wet  finger,  yields  musical  notes,  higher  or  lower  aithel 
glass  is  more  or  less  full,  and  will  make  the  Uqaor  frisk  snd  leapfl 
•boot.  M 

7.  Glass  is  possessed  of  extraordinary  electrical  virtues.  fl 

•  Phil.  Tm«.veL  lanky.  MA  ^H 
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SBCTIOK  III.  ^^^_ 

Manvfacturt  of  Gtatt.  ^^^^M 

Dfiitkiiig,  IVafck,  IVindos,  and  PIate.Giati. 

Clais  b  ■  combination  of  sand,  flint,  spar,  or  some  other  ilB* 
I  tubfUnces,  witb  one  or  other  of  thu  fixed  alkalies,  a4Ml  En 
Mie  ciise*  with  a  metallic  oiyd.  Of  the  allialies,  loda  ii  c«kb> 
Irnily  preferred  :  and  of  the  siliceous  sob^tances,  while  MUid  b 
n  rppnte  at  present,  as  it  requires  no  preparation  for  COarM 
|Mdt,  while  mere  washing  in  water  is  sufficient  for  those  of  a  Ihier 
ilitf .  The  metallic  oi;d  asualiy  employed  is  litharge,  or  socue 
er  preparation  of  lead,  as  being  the  cheapest  metal  we  can  har» 

'  ]l  is  at»a  necessary  that  the  siliceous  matter  should  be  fused  In 
Bfact  with  something  called  a  flux.  The  substaoces  proper  for 
>  purpose  are  lead,  borax,  arsenic,  nitre,  or  aoj  alkaline  matter. 
Me  lead  it  oted  inthe  state  ofied.leatl  ;  and  the  allLalies  are  soda^ 
Mri.asbes,  sea.*>ll,  and  wood. ashes.  When  red-lead  it  used 
Idii«,  i(  gt*ei  the  glass  a  yellow  cast,  and  requires  the  addition  of 
itr*  to  correct  it.  Arsenic,  in  the  same  manner,  if  used  in  excess, 
|,ll  apt  to  render  the  glass  milky.  For  a  perfectly  trinspirent 
:,  the  pearl-ashes  are  found  much  superior  to  lead  ;  perhaps 
letter  than  any  other  flux,  except  it  be  borax,  which  is  too  eipen. 
>  be  used,  except  for  eiperiments,  or  for  the  best  looking. 

'  The  materials  for  making  ghis  must  first  be  reduced  to  powder, 
ilicli  is  done  in  mortars  or  by  horse.mills.  After  sifting  oat  the 
Mne  parts,  the  proper  proportions  of  silex  and  flux  are  mixed 
i^ether  and  put  into  the  calcining  furnace,  where  they  are  kept  in 
Imodente  heat  fur  fire  or  s!k  honrs,  being  frequently  stirred  about 
-faring  the  process.  When  taken  out,  (he  matter  is  called  frit. 
Frit  is  easily  Gonrerted  into  glass  by  only  pounding  it,  and  tifriry- 
\ag  it  in  the  owlting  pots  of  the  glass  fumar.e  :  but  in  making  Hne 
llav,  it  will  KMiielipies  require  a  small  addition  of  llux  to  the  frit  to 
totMct  any  tkatt  For,  as  the  flux  is  the  most  expensive  article, 
tbt  iMnnfkcturer  will  rather  put  too  little  at  first  than  otherwiie, 
I  U  he  ctt  remedy  this  defect  In  the  melUng  pot.  The  heat  in  tlie 
^L  hraicvnoitbc  kept  up  until  the  glass  is  bionghl  to  ai(at««f  per* 
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feet  fusion  ;  and  during  this  process  any  scnm  which  arises  must  bf 
removed  by  ladles.  When  the  glass  is  perfectly  melted ,  the  glass 
blowers  commence  their  operations. 

The  following,  compositions  of  the  ingredients  for  gloss  are  ez« 
tractf'd  from  the  Handmaid  to  the  Arts  : 

<^  For  the  best  flint-glass,  120]b8.  of  white  sand,  oOlbs.  of  red 
lead,  40lbB.  of  the  best  pearl-ashes,  20lbs.  of  nitre,  and  fife  onncet 
of  magnesia  ;  if  a  poand  or  two  of  arsenic  be  added,  the  composi* 
tion  will  fuse  much  quicker,  and  with  a  lower  temperature. 

^^  For  a  cheaper  flint^lass,  ISOlbs.  of  white  sand,  35lbs.  of 
pearl-ashes,  40lbs.  of  red.lead,  1  Sibs.  of  nitre,  six  pounds  of  arsenic^ 
and  four  ounces  of  magnesia, 

<^  This  requires  a  long  healing  to  make  clear  glass ;  and  the 
heat  should  be  brought  on  gradually,  or  the  arsenic  »  in  danger 
of  subliming  before  the  fusion  commences.  A  still  cheaper  compo- 
sition  is  made  by  omitting  the  arsenic  in  the  ibregoiog^  and  sab- 
stituting  common  sea-salt. 

<<  For  the  best  German  crystal  glau,  HOlbs.  of  calcined  fliati 
or  white  sand,  the  beet  pearUashes  70lbs.,  saltpetre  lOlbs.,  arsenic 
half  a  pound,  and  five  ounces  of  maj;nesia«  Or,  a  cheaper  cofls* 
position  for  the  same  purpose  is,  120lbB.  of  sand  or  flints,  4filbs»o( 
pearl-ashes,  seven  pounds  of  nitre,  six  pounds  of  arsenic,  and  ite 
ounces  of  magnesia.  This  will  require  a  long  continuance  in  the 
furnace  ;  as  do  all  others  where  much  of  the  arsenic  is  employed. 

^^  For  looking-glass  plates,  washed  white  sand,  60lb8.,  pnrifisd 
pearl-ashes  2^lb8.,  nitre  1 5lbs.,  and  se?en  pounds  of  borax*  If 
properly  managed,  this  glass  will  be  colourless.  But  if  it  shovid 
bo  tinged  by  accident,  a  trifling  quantity  of  arsenic,  and  an  equal 
quantity  of  magnesui,  will  correct  it ;  an  ounce  of  each  may  be 
tried  first,  and  the  quantity  increased  if  necessary. 

<<  The  ingredients  for  the  best  crown-glass  most  be  prepnfed  ta 
the  same  manner  as  for  looking-glasses,  and  mixed  in  the  followhg 
proportions :  60lbs.  of  white  sand,  SOlbs.  of  pearUasbeSi  and 
15lbs.  of  nitre,  borax  a  pound,  and  half  a  pound  of  arsenic 

^<  The  composition  for  common  green  window  glass  is  120lbi«  of 
white  sand,  SOlbs.  of  unporified  pearl.ashes,  wood*ashes  well 
bnrnt  and  sifted,  601bs.,  common  salt  ^Olbs.,  and  Sto  pounds  of 
arsenic. 

<<  Common  green  bottle-glass  is  made  from  SOOIbs.  of  woo^ 
aibes,  and  lOOlbc.  of  sand ;  or  I70lbs.  of  ashes,  lOOlbs.  of  saod^ 
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md  SOtWt.  of  tbs  lara  of  as  ii 
well  miied." 

Tiw  BMteriali  onplojcd  is  the  auafnelnty  W  fiam 
nisft  rnfooed  to  three  cLuses,  Bsael/y  alkafiee,  cut 
Uilic  o&idei. 

The  filed  alkalies  may  be  eapleyed  miSM*r9wrtlj :  IrbI 
preferred  io  this  coontry.  The  soda  uf  ooataeeoe  s  asMTIj 
eltb  GOiBiBOii  salt,  anil  comhiaed  with  carbooi-  acU.  Itn  prapeT 
tt  parifpr  it  froo  both  of  these  fotei^  bodies  beSbre  suf  ic  Tim^ 
Wwef  er,  is  aeUloB  dooe. 

Tin  earths  are  silida,  (the  basb  oTCsts),  lime,  asd 
I  little  alaalaa,  (the  basis  of  claj).  SiSda  ooBTitsfn  tike 
of  gists.  It  b  employed  ro  the  state  of  tee  saadls  or  Cirs;  asi 
iMwtiaea,  for  makii^  very  €ae  gbas,  rock  cryaral  is  t^zAvrtS, 
WkeD  sand  is  osed,  it  ooght  if  possible  to  be  perfectly  «V<U: ;  fcr 
vbea  it  is  coloored  with  aietallic  oxides,  the  traafiou^mrr  of 
ghsi  b  ingared.  Socb  saad  can  ooly  be  emp^'OyciS  for  ve^^ 
gkncs.  It  is  meccssary  to  free  the  saad  fnra  all  ^he  lojur  eirthy 
particles  with  which  it  may  be  mixed,  which  iM  dome  by  wasMa^ 
it  well  wM  water. 

Lioie  fwoden  glass  less  britde,  and  enables  it  tj  withvtaod  bHtvr 
^  action  of  the  atmj«phere.  It  ooi^t  ia  b3  ease  ta  exceed  tbe 
twentieth  part  of  the  silicia  employed,  otbervise  it  corrudef  iLa 
fhss  pots.  Thb  indeed  may  be  prevented  by  throwing  a  Utile  clay 
his  the  melted  glass ;  bat  in  that  case  a  given  gtass  oo:y  is  ob. 
Uined. 

The  OMtallicozyds  employed  are  the  red  oxyd  of  lead  or  litharge, 
^  the  white  oxyd  of  arsenic.  The  rtd  ozy  d  of  lead,  vh^n  ad  Jed 
in  lufficient  quantify,  enters  into  fasion  with  silida,  and  furms  a 
|ha  without  the  addition  of  any  other  ioeredient.  Five  p^rts  of 
St&iom  and  two  of  silicia  form  a  gfass  of  an  orange.coloor  %n'J  full 
sf  strie.  Its  speci6c  grarify  is  fire.  The  red  oivd  of  lead  ren- 
ders  glass  less  brittle  and  more  fusible  ;  bat.  when  added  Se}ond  a 
certain  proportion,  it  injores  the  transparency  and  the  whiteness  of 
tk  glass. 

The  white  ozf  d  of  arsenic  answers  the  same  purposes  with  that 

of  Wad;  but  on  account  of  its  poisonous  qualities  it  is  seldom  used. 

<     It  ii  customary  to  add  a  little  nitre  to  the  white  oxyd  of  arsenic,  to 

J    prerent  the  heat  from  reriTing  it,  and  rendering  it  volatile.  When 

i    ^ded  bsyond  a  certain  pruportion,  it  renders  glass  opaque  and 

I  M  3 
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nilky  like  the  dial^plate  of  a  watch.  When  any  combustible  body 
is  present,  It  is  usual  in  some  manufactures  to  add  a  little  wule 
oiyd  of  arsenic.  This  supplying  oxygen,  the  combustible  it  b«mb 
and  flies  off;  while  the  revifed  arsenic  is  at  the  same  time  volk 

tilized. 

There  are  seTeral  kinds  of  glass  adapted  to  different  uses.  The 
best  and  most  beautiful  are  the  flint  and  the  plate  glass.  Tbcse^ 
when  well  made,  are  perfectly  transparent  and  colourless,  hcaiy 
and  brilliant.  They  arc  composed  of  fixed  alkali,  pure  siliceott 
sand,  calcined  flints,  and  litharge,  in  different  proportions.  Tb 
flint-glass  contains  a  large  quantity  of  ozyd  of  lead,  which  by  en- 
taiu  processes  is  easily  separated.  The  plate*glass  is  poured  in  Ai 
melted  state  upon  a  table  covered  with  copper.  The  plate  is  eat 
half  an  inch  thick,  or  more,  and  is  ground  down  to  a  proper  dqpn 
of  thinness,  and  then  polished. 

Crown^lass,  that  used  for  windows,  is  made  without  biiily 
chiefly  of  fixed  alkali  fused  with  silicious  sand,  to  which  is  addil 
some  black  oxyd  of  manganese,  which  is  apt  to  give  the  glass  a  tii^ 
of  purple. 

Bottle-glass  is  the  coarsest  and  cheapest  kind  :  into  this  littlssr 
DO  fixed  alkali  enters  the  composition.  It  consists  of  an  alkilas 
earth  combined  with  alumina  and  silica.  In  this  cauntrj  it  il 
composed  of  sand  and  the  refuse  of  the  soapboiler,  wliich  ooMisli 
•f  the  lime  employed  in  rendering  his  alkali  caustic,  and  of  As 
earthy  matters  with  which  the  alkali  was  contamioiled.  Hi 
most  fusible  is  flint  glass,  and  the  least  fusible  is  bottle  glaii. 

Flint-glass  melts  at  the  temperature  of  10^  Wedgewood;  cmvi> 
glass  at  30® ;  and  bottle.glass  at  4?^  The  specific  grafity  tniM 
between  3*48  and  3*38. 

Glass  is  often  tinged  of  ?arious  colours  by  mixing  witli  it,  wUi 
in  fusion,  some  one  or  other  of  the  metallic  oxyds;  and  oa  4h 
process,  well  conducted  depends  the  formation  of  pastes  or  kA 
tious  gems. 

Blue  glass  is  formed  by  means  of  oxyd  of  cobalt. 

Green,  by  the  oxyd  of  iron  or  of  copper. 

Violet,  by  ozyd  of  manganese. 

Red,  by  a  mixture  of  the  oxyds  of  copper  and  iron. 

Purple,  by  the  purple  oxyd  of  gold. 

White,  by  the  oxyd  of  arsenic  and  of  zinc. 

Yellow,  by  the  oxyd  of  silrer  and  by  combostiblo  bodies^ 
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OpIiciHU,  «W  (apior  ^u  f«r  vptioi  »««■■■ 
pUiB  of  the  nwij  drffCti  SB^cr  wkM^  it  fafeaM^ 

ffrnnt/.— IVh  ue  viTed  Uaea,  vhtm  wriilf  ■ 
intempt  dWnct  virioa.  Tkey  us  piafciMy  Mi^ 
not  of  coBpleCe  fnuoB,  wUck  piiiwii  A»  <*m 
frotM  cwhMH  mftciratlr ;  tat  !■  mm  cmb  ite 
prodaoMl  bf  tb«  voT^Ben  lifiiBg  ap,  M  t^  ACehh 
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IritHi  cUy  or  tlie  ronnec*,  or  b;  t^  pttima.  of  ■ 
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TIm  art  of  forming  retwii  of  glaM  ii 
jin  B^t2ttii«uorepetfor«e4hjri] 
■  troa  tube,  and  bjr  (lat  Bcui  uiuiig  i  fiwo  «f  ||Ha  wftiifc  i> 
Mtcd  lo  ai  to  beeotae  ion  and  exccctfintlf  pUU».  Bf  ■  tmrt 
•f  the  iBott  H«ple  and  detlcroas  iijii  iiTi— ,  tfeb  btaatiftd  ■■!»• 
rid  is  vToaglU  into  the  nrtovi  nt^Mils  iif  iligiiiii  aad  alSfitrv  k^ 
mrlbodft  which  reqoir*  b«t  Jtrj  fern  toots,  and  ibaae  of  the  aaM 
anpk  ovnslnictioa. 

Watch-^tnet  are  madr  br  first  blowing  a  bollow  elobe,  tho 
proprr  rsdiwi  for  tbe  gla»#s ;  tben  bj  tooeUng  it  witit  ao  irM 
ring.  Tbni  cnckt  oat  a  watch-glass  in  an  inrtant.  TW  him  giob* 
will  make  sn-vr^  glasset . 

^Vindow  or(abI«  glas)  it  worked  nearly  la  tbe  ume  nnnner  :  the 
worknna  \Aom%  and  manages  the  metal,  90  that  it  extends  two  or 
three  fret  in  a  c;lindricil  form.  It  is  then  carried  lo  the  fire,  and 
iht  operation  of  blowing  repeated  till  the  metal  is  stretched  to  (ha 
^mensioBS  required,  (he  side  10  which  the  pipe  is  fixed  diminishing 
psdoilly  till  it  ends  In  a  pyramidal  form ;  bat,  in  order  to  bring 
both  cods  nearly  to  the  same  diameter,  while  the  glass  continues 
llHiUe,  a  small  portion  of  hot  metal  is  added  (o  the  pipe ;  the 
*Me  li  drawn  out  with  a  pair  of  iron  pincers,  and  (be  same  end 
"  'at  off  with  a  little  cold  water  as  abore. 
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The  cjlinder  thui  open  at  one  end  ii  returned  to  the  mouth  of  th^ 
furnace,  where  it  it  cut  bj  the  aid  of  cold  water,  and  ripped  aj^ 
throu  :h  itf  whole  length  hj  a  pair  of  iron  shears ;  after  which  it  Is 
grail ually  heated  on  an  earthcrn  table,  in  order  to  unfold  ita  length, 
while  the  workman  with  another  iron  tool  alternately  raises  and 
depresses  the  two  haUei  uf  the  cylinder ;  by  which  proceas,  the 
one  half  accommodates  itself  to  the  same  flat  form  as  tba  other. 

Plate-|{lass  is  the  last  and  most  Taloable  kind,  and  is  thna  called 
from  its  being  cast  in  plates  or  large  sheets:  it  is  almost  •xclosivrlj 
employed  for  mirrors  or  looking-glasses,  and  for  the  windows  of 
carriages. 

Plale.glass  was  formerly  bloti-n  ;  but  that  method  hating  beea 
found  Tery  inconvenient,  casting  was  invented  ;  namely,  the  liquid 
metal  is  conveyed  from  the  furnace  to  a  large  table,  on  which  it  is 
pouri'd,  and  all  excrescences,  or  bubbles,  are  immediately  if< 
moved  by  a  roller  that  is  swiftly  passed  over  it.  It  is  than  sb« 
sealed  in  the  manner  already  referred  to. 

SECTION    IV, 

Ruperrs  Dropi.    Baiavian  Tears.     Bolognian  Phial. 

These  are  peculiar  modifications  of  glass,  for  the  purpose  ofds^ 
ception  or  amusement. 

Hu(>ert*s  |}ropS|  an  elegpntglass  toy,  are  simply  formed  by  poflriaf 
m  small  solid  lump  of  green  bottle  glass,  when  red-hot,  into  valtri 
by  which  means  the  rounded  lump  assumes  gradually  mlsngtheatd 
form,  terminating  with  a  fine  and  nearly  capillary  tail»  at  tha  e9(f 
tremity.  This  solid  lump  will  bear  very  considerable  Tiolaoca  oo 
the  massy  end  without  injury,  and  is  altogether  extremely  tM|h; 
but  wheuever  the  smallest  portion  of  the  thinner  end  is  broken  off, 
the  whole  bursts  with  a  suiurt  snap,  and  instantly  crumbles  iats 
innumerable  fragments  as  small  as  fine  sand  ;  which,  from  tkdr 
Tery  minuteness,  and  the  imperfection  of  their  crystallisation,  do 
no  other  injury  to  the  hand  that  holds  the  drop,  than  that  of  pro* 
ducing  a  slight  sting  from  the  sudden  concussion. 

This  curious  and  extraordinary  fragility  is  obviously  owing  ts 
some  permanent  and  very  strong  inequality  of  pressure ;  for  whsa 
the  Rupert's  drops  are  heated  so  red  as  to  be  sof^  and  aro  let  (a 
cool  gradually  of  themselves,  and,  consequently,  to  become  betlsr 
annealed,  this  property  of  bursting  is  entirely  lost,  andy  at  thei 
time,  the  specific  gravity  of  tho  drop  is  Increased. 
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These  irOf*  tfv  aim  afled,  on  (be  cootltient,  Larmei  BaUti- 
quM,  or  B*ta*ian  Tran. 

All  jiass,  not  rpfularl^  annps)^,  or,  id  olh«r  tvords,  cooled 
inddantr  in»lpat!  of  |irogr*Ssi»'l)'.  Ims  ■  Iporfeney  toward*  the  J*me 
fnogibUUf.  Tba$,  in  common  niadow  fiUtf,  ■'  ii  be  properly 
■nnealed,  the  dmmottd  cuts  it  with  moderatp  ea»e,  making  an  i 
.fona  rauMth  forraw,  at  first  dark,  but  );r>(lailly  opening, 
sppeariDg  like  a  bright  si'TPr  thread  ;  but  when  the  glass  is  badl^ 
■Dn^aled,  the  diamood  wurk)  with  much  murp  difficoltf,  the  cnt'1 
opens  Tvry  ttowl^,  and  often  flies  iaio  a  difft-reat  directioiv,  or  tlb'] 
|lu«  entirety  break*. 

Tkeiv  ii  anotber  equally  ciirioDS  glu»  toy,  formrd  upon  t&t'l 
Mare  prrociplc,  and  evincia;  the  tame  efffcl,  calW  (b«  BoIogfM,'! 
ptial.  This  is  timjilj  a  phial,  oTany  shape  wbateTrr,  made  ofaajt! 
kind  of  !;Ibs«,  but  much  Ihirker  at  (he  bottom  than  at  top,  and' 
tooM  immediately,  without  annealing.  Thete  beini;  pretty  stoats 
fr»iB  their  thicknetl  will  bear  a  smart  blow  from  a  noudeii  mille^ 
#r  any  Want  instrument,  or  the  conclusion  of  a  leaden  bullet  drop, 
ped  from  a  coMiderable  height,  without  injury  :  but  if  any  sharp 
body,  kowetfrtaull,  such  as  a  large  grain  ofsiiid,  or  which  19  itill 
better,  thetAiverof  agon. fil at,  be  dropped  in  from  on)}'  afewinchet 
keUfat,  the  botlon  cracks  all  around,  just  aboie  the  Ihickeel  par% 
tnd  drop*  off.  The  same  effect  takes  place,  if  the  bottom  be  Migbtly 
ttntchfd  with  any  bard  body.  When  very  brittle,  If  a  bard 
'  vignhr  icbitance,  u  a  cut  diamond,  be  dropt  in,  it  will  sometimea 
pnstiiravgb  the  boUom,  though  very  thick,  with  appanntly  at 
HUIe  reslitance  as  Ihruogh  a  spider's  web.  These  glBsacl,  when 
ftey  bare  receiTed  the  first  injury,  do  not  always  crack  immediately, 
Intremaia  whole,  tomf  times  for  a  few  minutet,H)nielimei  for  hoon, 
■■d  tbm  loddcnly  gJTc  way. 

[Pantoloeia.    Aikin'i  Chtm-  Diet, 
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CHAP.  XIII. 

OUNPOWDBR. 
SECTION  I. 

Of  the  time  tohen  gunpowder  w(U  first  dinoxered. 

L  HE  historj  of  the  diseoTary  of  gunpowder  is  inTol?ed  in  mach 
obscurity ;  the  most  ancient  authors  differing  from  each  other  in 
their  accounts  of  this  matter,  and  many  of  them  confounding  two 
distinct  inquiries ;  the  discoTery  of  the  composition  of  gunpowder; 
and  the  disco? ery  of  the  means  of  applying  it  to  the  parposei  of 
war. 

Father  Kircher*  affirms,  that  without  controTersy  we  ought  to 
attribute  the  ioTention  of  gunpowder  to  Barthold  Schwarts,  or 
Barthold  the  black,  a  monk  of  Goslar  in  Germany,  anda  proftnmd 
alchemist.  This  man  haring  mixed  together,  with  a  medical  Tiew, 
nitre,  sulphur,  and  charcoal,  a  spark  accidentally  fell  upon  thi 
mixture,  blew  up  the  pot  in  which  it  was  contained,  mod  canted  a 
dreadful  explosion.  The  monk,  astonished  at  the  efent,  nuUle  w» 
Teral  repetitions  of  his  experiment,  and  thereby  fully  discovered 
the  nature  of  gunpowder,  in  the  year  1354.  Kircher  ^et  ns  aliOy 
out  of  a  Tery  old  German  book  which  he  professes  to  have  read^  a 
monkish  account  of  the  first  use  which  Schwartz  made  of  Us  gift* 
powder ;  he  employed  it  to  frighten  some  robbers  from  their  haalli 
in  the  woods. 

Sebastian  Munster  says,  that  he  was  well  informed  by  a  voiy 
eminent  physician,  that  the  Danes  used  guns  in  naval  engi^ementi 
in  the  year  1354)  and  that  a  chemist,  called  Schwarti,  was  tiM 
first  inventor  of  them  f  •  Pontanus,  the  Danish  histoiian|  accedes 
to  this  opinion. 

Polydore  Virgil,  who  died  in  the  year  1555,  attributes  the  dl^ 

•  Kirch.  Moo.  Sob.  p.  48T. 

t  Achilles  Ganarus,  mediciott  doctor,  et  historlosniphus,  diUgeatiMiae 
■criptit  mihi,  Bombardas  anna  Cbrbti  1354,  in  osu  apad  mare  DanicHi  fiii««f 
prinaaiqiie  inventoreni  et  aatoreoi  extitiMe  chymistam  qaeodam  BOfluac  Bar- 
tboldom  SchwartzuB  nonaciiiun.  Mootter.  Cotmogr.  Uaiv.  Lib.  3.  C.  1T4. 
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cftvcxj  of  gaflpawdcr  to  mmc  rvrj  i|tM 

1i#  «iibe>  mifht  amr  be  ttutdrd  d«««  U  pwiiikj. 

iofornii  OS  t^""^  Garsia  JTratri  ■!»  MiiiiTi^i^  i^liw,ht 

tlip  Woetiuiitbtawof  (ws,  M  tW  jcar  1380*. 

Thii  it  tiw  coomoo  vonat  of  th»  ifacaiuj  of  fn^va^o-;  iB 
[rath  bowcwr  b  readcnd  doafctM  fey  wim  fallvwt. 

Tbv  bMtlrof  Crvwj  «a>  baght  m  tW  few  ISM;  aadwlik- 

tartan  vko  UtmI  ■!  that  lii»e  »  qwtlad  bf  SpaadiHai  sa  ^taia^  • 

(bat  [fee  EitgtUh  gmll/  iaenmat4  tk  caafaifaa  tk  Fiawi  ^  • 

b«ta  thrown  into,  bj  dbchargiag  apcM  thia  baa  tfedi  c^Haakat 

iraa  baltett  t.     7*1-7  jrn  tifrrrlfer  hafflr  nfriiaj.  ifei  Hiaii 

ware  bMJigtJ  bj  the  CpuMwd*  ia  ife*  aty  at  Alpsira  ;  «ai  •■ ' 

leara  froB  HwiMa,  the  Spaabfe  feirteriia,  "  that  cka  boa^  M  ' 

peat  ham  among  the  Cbrisdaai  ailb  baa  hafcti  iktf  ifcal  :"  Ite 

lUM  aatbor  addi,  "  (fab  if  th*  fint  liae  w«  Sad  aay  mrOm  «f 

fttapamlar  aad  ball  in  ovr  hularitat."     The  B«b  af  00%  aad 

Saliibarj  are  Mfntioord  bj  MarivA  as  biiiag  wmiHtd  M  Aa  a^ga 

a(  Algesira* ;  tad  as  tbfj-  rtfnraad  to  Eaglaad  ia  Ae  taOn  «ai  a( 

year  )S43,  tt  b  aolan  iatprofaaUc oaajectai*,  that,  fcsri^  btaa 

iritHMse*  of  th»  bnwk  occuioacd  bf  Ibe  MaatM  $t*.»tmt,  litf 

hroagbt  the  went  Troai  Spam  la  Englaad,  aad  iabadacad  the  aw 

tt  arliDrrf  into  the  EoglHb  amj  at  the  batffo  of  Cmrr.     Tbe  ace 

,■(  piu  in  Spain  in  ()w  j  ear   1343,  u  praof  laKduat  ciiber  that 

Sehwarti  was  nut  tbe  inventor  of  ganpowder,  ar  thai  Kirch«r  aad 

hers  arr  niilaken  in  filing  ki«  discoverj  m  tele  » Ihe  jear  13^4. 

There  is  reason,  however,  to  believe,  Ibat  both  gnnpowder  aad 

in*  were  known  in  Gprmanf  at  least  fortrjtan before  the  period 

tigntd  bf  tbe  SpanUh  hiitonaa  for  their  fin(  introdnctioo  into 

aln.     Ia  tbe  armaiy  at  Amber;,   in  tti '  Palatinate  of  Bavaria, 

ere ii  ■  piece  ot  ordnance,  on  which  ii  inscribed  the  jear  1 303  ^. 

is  the  earliest  account  I  hare  jet  met  «ith  of  the  certun  ate 

•(  gunpowder  in  war  ;    and  it  seems  probable  enough,  as  the  I'ope 


■  ratj4.Tv%.  ir  lana.  Brram,  Lib. 
t  Spond.  Aa*.  EctKann.  IS44. 
t  Mifiant't  BM.  afSpain,  linf.  Traoi 
f  QBaiB(]l(ai«Ma(arSchw>rIcbcinKlli 


I.e.  XI. 


:  iiiTcnlnr  of  {rani>awderl  i^ocfou*- 

, .    ^  Arabf  rgE  I'nUiiiiaiiH  Su)tm<)ri*  in 

. Ttfttium  i«rmf ntoia  miLtarc,  cui  lit  «nniM  1303  iDKrlpim. 
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and  the  Dake  of  BtTaria  are  thought  to  hate  been  the  first  prineea 
who  made  saltpetre  in  Europe*. 

It  ought  not  to  be  concealed  from  the  reader,  that  Camerariof 
quotes  a  Danish  historian,  as  relating  that  Christopher,  king  of  tho 
Danes,  was  killed  in  battle  bj  the  stroke  of  a  gun,  in  the  1^0  f. 
Upon  examining  the  passa^^e  quoted  by  Camerarius  |,  it  is  only  ssid^ 
that  Christopher,  the  son  of  King  Waldemar,  was  killed  in  the 
beginning  of  an  engagement  by  a  gun,  a  warlike  instrument  tliea 
lately  discovered.  Now  it  appears  §,  that  Waldemar,  Christopher*! 
father,  did  not  succeed  to  the  crown  of  Denmark  till  the  year  1S91| 
and  that  his  son  was  killed  in  a  naval  engagement  teveval  years 
afterwardsll,  probably  about  the  time  assigned  by  Munster  for  the 
first  use  of  gunpowder  in  Dt^nmark. 

But  we  are  able,  opon  good  grounds,  to  carry  tim  diseoTeiy  of 
gunpowder  to  a  period  antecedent  to  the  date  of  the  Amborg  pteea 
of  ordnance  ;  and  it  is  probable  enough,  that  its  compotitioB  was 
known  long  before  we  read  any  thing  of  its  nse  in  war* 

Roger  Bicon  died  at  Oxford  in  1299.  In  the  printed  oeplis  of 
the  works  of  this  renowned  Monk,  there  are  two  or  three  peisageSi 
from  which  it  may  fairly  be  inferred,  that  he  knew  the  eompo. 
sition  of  gunpowder  f ;  and  a  manuscript  copy  is  said  to  bare  been 
•een*'^,  wherein  saltpetre,  sulphur,  and  charcoal,  areeapreuly 
mentioned,  as  the  ingredients  of  a  composition  which  woold  bum 
tt  any  distance.  But  though  it  be  allowed,  that  Bacon  was  weQ 
acquainted  with  the  composition  of  gunpowder,  it  will  not  fallow, 
either  that  he  was  the  first  discoverer  of  it,  or  that  he  knew  te  ap- 
plication to  fire-arms. 

*  Clarke*!  Nat.  His.  of  Saltpetre. 

f  Cranzius  scribit  Christophoruin  Daooram  re|;em  in  prttUo  bombards  icli| 
•ccisum  anno  1280.  Camera.  Hor.  Subs.  Con.  p.  3.  312. 

}  Cranzius  Vandal.  Lib.  VIII.  C.23. 

^  Cranzius  Danise.  Lib.  VII.  C  32. 

II  Id.  Lib.  VII.  C.  S8. 

t  In  omncm  distaotiani  qoam  volumus,  posiomus  artificiallter  coapouere 
ignem  comburentem  ex  sale  petre  et  aliis.  H.  Bacon  de  Mirab.  Poles.  Artis  ec 
Naturae,  Epis.  C.  VI.— sed  tamen  saliitpetra  Luru  voporir  can  airiet salpba- 
■ii  et  sic  facies  (onitnim  et  curiMcationeBi,  si  seias  artiAcium.  Id.  ib.  C  XI-  It 
is  Terj  probable,  thet  in  the  first  of  these  passaises.  Bacon,  concealed  salpbar  and 
eharcoal  inder  tbe  word  aliis  i  and  that  in  the  last,  having  mentioned  saltpetre 
and  sulphur,  he  concealed  charcoal  and  the  metliod  of  mixing  the  three  iagrc* 
dients,  under  the  barbarous  terms,  Luru  yopo  wir  can  utrict. 

•  ♦  Plott's  Nat.  His.  of  Oxfordshire. 
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TheUMS» 
cd  hf  ummto 

thefmcdccof 
Araliiaa  baoks, 

im^  Mall  tends 
tmre  ;    m  fivat  rait 
bMTOvcd  itwm  Alhn<«  iW 
wioUjr  mid  af  probaUitj, 

CMBp«<kitiM  of] 

M«B  of  theaKoCiciB 

1m  laliBSlK,  tliBt  cilies 

miovs  vaji  :  bst  it  is  bisA  cqaiilj 

fnwMed  soos  afUr  Ids  d>«th 

It  It  4MM  thiag  to  tknm  oat  «  toojeclie 
vbldl  aiglU  be  prodocrd  bj  tbe  ptopcr  ap^«ricioai  of  a 
ivbilaaoa  ;  aooCber,  to  describe  tbe  toos  of  appi}  iog  it.  Tbete 
aratobaUotetbiaatore,  frooi  a  coMfcbiitioa  of  vkirb  it  is  powJMe 
to  dtslffOf  a  ihipt  or  a  citjdel^  or  aa  aivT,  Ij  «  sbovcr  of  lifoal 
in  spootaofoody  lighted  in  tbe  air ;  erefy  peisoo  vboii  avareof 
tbt  draodlol  iery  ex|donoo  waicb  atteods  tbe  aiitafe  of  two  or 
tbrae  %oarts  of  spirit  of  tarpeotioe  witb  stroog  add  of  nitre,  most 
ackoovlcdge  the  trah  of  the  anertioB  ;  bat  tbe  simple  koovledge 
oftk^  paswbllity  of  efecting  sacb  a  destmctioa,  is  a  Tery  diflereat 
nalttt  frofll  tbe  knoo  ledge  of  its  practical  ility ;  tboagh  fat  ore  aget 
Biay»  perhaps,  invent  as  many  different  ways  of  amklng  these  sab* 
Itaaces  oaito  in  the  air,  so  as  to  fall  down  in  drops  of  fire,  as  hava 
been  invented  of  making  ganpowder  a  sa  instroBent  of  the  des. 
traction  of  oar  species  since  the  time,  of  Bacon. 

From  the  accounts  given  of  the  attempts  of  Salmoneos  and  Call. 
gala  to  Imitate  thaader  and  lightning,  some  have  been  of  opinion 
that  gunpowder  was  known  to  the  ancients*  ;  be  that  as  it  may, 
we  cannot  hesitate  in  admitting  that  it  has  been  long  known  In  varU 
oos  parts  of  Asia.  It  wootd  be  useless  to  cite  a  variety  of  antho* 
Tiilea  to  proof  of  this  point ;  1  will  content  myst'lf  with  that  of  liOrd 
Bacon :— <<  Certain  it  is,  that  ordnance  was  known  in  the  city  of 

f 

*  See  Dotcos*  Enquiry  into  the  DiMorcfief  of  the  Moderati  p.  H$,  Ba|liih 
TfaMatloB. 
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the  Ozidrakfl  in  India ;  and  was  that  which  the  Macedonians 
called  thunder  and  lightning,  and  magick.  And  it  is  well  known 
that  the  use  of  ordnance  hath  been  in  China  above  2000  years*." 

One  of  the  most  useful  applications  of  gunpowder,  is  in  the  art  of 
mining.  The  hammer  and  metallic  wedges  were  probably  the  first 
instruments  which  men  used  for  the  splitting  of  rocks.  The  appli* 
cation  of  wooden  wedges  to  the  same  purpose,  seems  to  have  been 
a  more  recent  duico? ery :  it  is  the  property  of  dry  wood  to  expand 
itself,  when  wetted  with  water :  miners  have  had  ingenuity  enough 
to  avail  themselves  of  this  property,  for  it  is  a  practice  with  them 
to  drive  wedges  of  dry  wood  into  the  natural  or  artificial  crevices 
of  rocks,  and  to  moisten  the  wedges  with  water.  Wood,  by 
imbibing  moisture,  swells  in  every  dimension  ;  and  the  force  of  this 
expansion  is  sufficient,  in  many  cases,  to  detach  large  pieces  from 
the  main  body  of  a  rock.  But  the  expansive  force  of  gunpowder 
is  incomparably  greater  than  that  of  moistened  wood.  There  are 
different  accounts  of  the  time  when  gunpowder  was  first  applied  to 
the  blasting  of  rocks.  Rossler  relates  that  in  1627,  the  blasting 
of  mines  was  brought  from  Hungary,  and  introduced  in  the  Ger- 
man mines  :  but  Bayer  says,  that  in  1613,  it  wu  invented  by 
Martin  Freygold,  at  Freiberg  f  • 

In  answer  to  an  inquiry  which  I  made  concerning  the  time  when 
blasting  was  introduced  at  the  famous  copper*mine  at  £U:ton  in 
Staffordshire,  I  received  the  following  account  from  a  very  able 
and  intelligent  person.  <<  I  can  give  you  a  little  better  Information 
concerning  the  affair  of  blasting.  1  have  known  that  country  where 
the  mine  is,  above  fifty  years ;  and  have  often  seen  the  smith's  shop 
In  which,  tradition  says,  the  first  boring  auger  that  had  ever  been 
used  in  England  was  made  ;  and  that  the  first  shot  that  was  ever 
fired  in  Derbyshire  or  Staffordshire,  was  fired  in  this  very  copper* 
mine  at  Ecton.  The  inhabitants  of  Wetton  (a  village  adjoining 
to  the  mine)  tell  me  the  auger  was  made  by  some  German  minersy 
sent  for  over  by  Prince  Rupert  to  work  this  copper  mine  at  Ecton* 
The  Prince  (Rapin  says)  came  into  England  in  1636,  and  was 
ordered  by  the  king  to  leave  the  kingdom  1645  ;  and  though  he 
was  afterwards  admiral  under  Charles  the  Second,  it  is  most  pro. 
bable  the  miners  came  during  his  first  abode  in  this  kingdom.  I  am 


•  BacoD't  Rsny  on  the  ViciMtnde  of  Thinip. 

f  See  Travelt  tbroegh  (he  Bannat,  &c.  by  Baron  Bom,  Eng.  Trans,  p.  19S. 
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vety  wcU  caan'mced  of  (lie  (luth  of  (be  tbof*  U 
the  (Uhm  of  my  infornit-rs  might  lie  jerj  wcD  i 
tbc  mineriM  thai  iii(ro(lur«d  blasting  among  tfaem." 
to  tiut  accaanl  I  vould  observe,  that  the  manner  of  spTtttiag  nfi» 
by  ^vapowAer,  ai  practised  at  I'iege,  wa^  published  by  Ui«  Koyid 
Sodrly,  in  1603  ;  and  that  it  was  not  (ill  about  the  year  \68i,  (bat 
th»  miofn  in  Somenetsliire  bigau  to  use  gunpowdi.r'.  lu  (Le 
y«tr  IMS  Princ«  Rupert  was  chosen  gOTernor  of  the  Society  fur 
liie)fi&i»  Royal  i  ;  and  js  helired  fourteen  years  after  tlial  appoinU 
ment,  it  it  oot  improbable  that  he  might  send  for  the  German 
minen  in  coniequeace  of  his  connection  with  (hat  society, 

DefoiF  the  discorery  of  blasting  roclES  by  gunpowder,  it  wu  ihfl 
cnsloei  la  our  English  mines,  as  well  as  in  Gerouay,  tO  tpUt  tl 
by  wood  fires.  This  method  is  mioatety  described  by  AgricoU^, 
ud  it  ti  not  jet  wholly  fallen  into  disuse  i.  It  ia  a  *etj  aadaat 
iDode  of  mining,  being  mentioned  by  Diodorn*  Sicolvi,  u  pcartiteJ 
ID  toiB*  Egyptian  mine«|| :  he  gives  as,  in  the  pl«c«  bci«  nltn*A 
to,  such  a  ncUocboly  account  of  tfa«  condilsoo  of  titc  p««c  ilnu 
«bo  «eT«  employed  in  (hose  minfs,  as  BUt  sake  tk  heart  if 
ercry  bafliaA«  man,  it  bo  has  a  rational  mpect  for  tfe  amtmnt  rij|^ 
of  erery  indrndoal  of  our  species,  swell  ■ilk  mUgm^t^  hA 
Ihrill  with  horror.  Would  to  God,  thai  Uw  dtmncj  oTlW  taA- 
nastcn  in  the  mines  of  Pero,  and  in  oftn  m    '  ~~ 

Chmtiant,  could   induce  us  to  beliere  I] 
exaggerated  the  barbarity  of  Heathen  policy  ! 
be  don«,  iDDch,  1  fear,  to  be  suffered,  by  all  ll 
dom,  before  the  Gospel  of  Christ  can  be  > 
amongst  them  as  ■  role  of  life  ioflaeadog  Ikctr  e 

It  Is  related  of  Hannibal,  tfcat  he  t 
Uitough  the  Alps,  by  applying  fire  and  rNgpr  to  ife  recka  wHA 
opposed  his  route.  This  mode  of  »plilfiag  rodu  vm,  pnMHy, 
Boi  intebted  by  Hannibal  ;  he  right  h»e  had  fraqa«st  a^porte. 
oitles  a(  ohserting  a  similar  pnctice  in  the  ul««  ■!«•  la  %ita, 
which  dally  afforded  him  three  haadred  pB^fc  wt^K  wf  lO«*r  f - 

f  ArcfHut  of  Hitm,  p.  iO. 

t  Dt  ReKeal. 

Vmi«.Tni>a.lT]'7,p.4lt- 

I  Ub.  lit. 

t  UlruB  B^u  per  Hi<paniai  ab  Hacaibale  ischaaSM  pMiM  iwMi,  m  ab 
Ittcauribw  Banana hiJicniM.  Eiqwl*  BtbrioappdhwrtBilt^r.  yiCCr 
KUt  Uasaibdi  tabBiBiiirnt>al  ioiitt  I  PUa.  UiM.  Kat.  L.  n.  i-  SI . 
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There  is  nothing,  indeed)  uid  of  Tineji^ar  in  the  description  of  thf 
£/eyptian  mines  before  mentioned  :  bat  Plinj  ezpresslj  affirms, 
that  it  was  the  qoality  of  vinegar,  when  poured  upon  rocks,  to  split 
such  as  an  antefedent  fire  had  not  split ;  and  that  it  was  the  custom 
of  miners  to  burst  the  rocks  thej  met  with,  by  fire  and  Tinegar*. 
This  account  of  Hannibars  using  Tinegar  in  splitting  the  rocks,  it 
generally  looked  upon  as  fabulous :  for  my  part,  I  can  easily  con. 
ceive,  that  a  few  barrels  of  vinegar  might  have  been  of^gr^at  use,  if 
the  rocks  were  of  the  limestone  kind  3  and,  whether  they  were  to  or 
not,  1  leare  to  be  settled  by  those,  who  hare  visited  the  place  whero 
thib  famous  attempt  was  made.  Vinegar  corrodes  all  sorts  of  lime* 
stone  and  marble  rocks  ;  aud  hence,  being  introduced  into  the 
crack  made  by  the  fire.  It  might  be  very  efficadons  in  widening 
them,  and  rendering  the  separation  of  large  lumps  by  iron  crowt 
and  wedges  more  easy.  It  is  erroneously  supposed,  that  a  largo 
quantity  of  vinegar  was  requbite,  for  the  vinegar  did  not  redact 
the  whole  mass  of  rocks  into  a  pulp ;  since  Livy  clearly  informs  nSy 
that  after  the  action  of  both  the  fire  and  vinegar,  they  were  obliged 
to  open  their  passage  by  iron  instruments,  which  would  have  been 
wholly  unnecessary,  had  the  main  body  of  the  rocks  been  ditsolTcdl 
by  the  vinegar  f  • 

SBCTIOIf  II. 

Composition  and  Anmt^tit  of  Gunpowder, 

Gunpowder  is  an  artificial  composition,  consisting  of  saltpttrt| 
sulphur,  and  charcoal.  The  principal  things  to  be  respected  in  the 
making  of  gunpowder  are^  the  goodness  of  the  ingredients  ;  the 
manner  of  mixing  them  ;  the  proportion  in  which  they  are  to  be 
combined  ;  and  the  drying  of  the  powder  after  it  is  made. 

Saltpetre,  in  its  crude  state,  whether  it  be  brought  from  the  East 
Indies,  or  made  in  Europe,  is  generally,  if  not  universally^  mixed 
with  a  greater  or  less  portion  of  common  salt :  now  a  small  por* 
tion  of  common  salt  injures  the  goodness  of  a  large  quantity  of 
gunpowder;  hence  it  becomes  necessary,  in  making  gUDpovder^ 
to  use  the  very  finest  saltpetre.     The  purest  sulphur  Is  that  which 


*  Sasa  rampit  infa«uin  (acrtnm)  quae  noo  nipe rit  i^Dis  anteredeni.  Plin* 
Kat.  Hist.  L.  83.  9.  27.  &  L.  33.  SfSI.  where  by  Silices  cannot  be  nndentood 
what  we  call  flints,  since  vinepir  hai  no  action  on  flints. 

t  »•  ardeotiaqne  saxa  in^no  aceto  putrefaciant.  Ita  (orridam  inceadie 
fupem  fenro  paa^aat.    UVt  Hilt.  I.  xai.  c.  axavii« 
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U  lalil  in  ihopi  under  Ihe  name  of  floweri  of  Milphoi 
ulptuir  bi  ing  much  che:i;)er  Ihnn  the  flowrn  of  tulphar,  i 
■  Im  oTs  gTt*t  decree  of  puihy,  it  li  ihe  only  sort  which  il  used  il 
tW  iBUBiBcturinj  of  gunpoviler.  With  relation  tu  fhe  cliarcoal, 
Il  bu  b««a  generally  belititd  ihat  the  coal  from  soft  aod  li 
wood*  wu  belter  adapted  to  lh«  making  of  ganpowder,  that)  that 
from  Ihe  lurd  and  heiry  otif  i ;  thus  Rvrlyn  nya  of  the  haiel,  (hat 
"  il  aakei  oo«  of  the  best  cualii  used  for  gunpowder,  bring  rery  fins  * 
1m1  l^lit,  lill  Uwy  faund  alder  to  be  more  fit*."  And  in  another 
pl«ce  Im  tfaialu  that  lime.tree  coal  is  still  betUr  Dian  that  front 
lidart.  An  •nineffll  t'rtnch  cliemist  has  thewn,  (fom  actual  ex* 
p^fimeat,  that  lh'i6  0|)iflioii  in  favour  of  cosl  from  light  woods  i*  iU  ^ 
tftUDilrd;  be  affirms,  thai  pouder  made  frota  lime-lrtecoal,  < 
fnm  thr  c*wl  of  (he  pith  of  atJer.lree,  is  in  no  respect  preferable  M 
Hut  a  <dt  ftoin  tJw  cotU  of  ilic  hardest  woods,  such  a 
tBdoakJ.  Ibii  Tsmark,  if  it  be  cunlirnivd  by  future  eiperwnc«j 
■ay  be  o(  no  tmall  use  to  the  innLett  uf  gonpowder ;  as  it  it  not 
■Iway*  ■«  ea*;  natter  for  ibeui  tu  prueure  a  saOtcicot  ^ucaiiiy  oC 
Ike  cml  «t  latt  wood. 

The  CDJxtDn  of  the   materials  of  which  gSBpowder  ■  awl*, 
■boulij  be  ai  julimte  and  M  nniform  as  pouible  ;  for,  n  wbaMrer  • 
naniser  liie  eapJaiion  may  be  accounted  fur,  it  u  ccruia  tkM  ite 
three  inftMlielU*  are  necessary  to  produce  it.     Saltpetre  aad  eal* 
pbur  raised   Itigtilbcr   gife   no   eiplosion ;  svlpbist 

E  no  explosion;  and  ihoui-li  saltpetre  and  ckareMi,  wb«»  iar 

tuMtfXy   Buacd,  do  ^ire  an  esptusion,  yirt  it  is,  prabnUf,  <f   i 

[  6r  less  forec  tbao  what  ii  prodowJ  from  a  nistare  vf  tk«  Ibn* 

'    lo^odients.     I  hare  said  priAablg,  liec2n»e  tb-s  pusM  JgatMtf 

Item    to    be   quite  settled  ■!   present,  n  nay   appear  ftw  tW 

bllowing  opinioai,  of  two  eminent  cbeikivU,  eac^  of  wbMi  a^ 

petls  to  eiptrseace. — '*  I'd  niUnge  de  sift  wices  iW  mat*  «t  #«■• 

•nee  ckarbon  |>fadnit  one  pendre  q«i  a  moilU  muint  Aa  tattm  fa* 

tontet  criln  daa*  letqnFlIrs  on  fait  mtrcr  dn  Matfre :  cefU  *■!»• 

I   tlanceestd— c«b>olMiBe»trsientielleitotgfiitie»4«tofi»n*P». 

f  Dnna   le   l«afn  qwe   je   triTnilloit   nr  cede   wl>«w»  ^MLfM* 

I   ivticnJier*  peepewrmt   de   fair*  d«  la  y— dw  «Ma  tmHim:  tt 

ptomcltoieol  ^n'rll*  teruit  plna  torim.     1a  p««di 

•D  Uil  entrer  vne  petite  quaatiii  d>  **^r*,   m 


•  EtHfi 

tCbj, 


p«M.  Bcnmt.nLl.f.  1^1. 


t  U.  (.  Mr. 
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da  doable  §.*' — '^  The  principtl  ingredients  €f  gunpowder,  aad 
those  to  whtrh  it  owes  its  force,  tre  nitre  tnd  charcoal ;  for 
these  two  ingredients  well  nixed  togetlier,   constitute   gonpow* 
der  at  least  eqnal,  if  not  superior  in  strength  to  comoKm  gim* 
powder,  (as   1  found  bj  experience,)  and  maj  be  seen  in    the 
Memoire  of  Count  Salnce,  inserted  in  the  Melanges  de  Philosophie 
et  de  Math«matiques,  de  I'Academie  Royale  de  Turin.    The  snL 
pbur  seems  to  senre  only  for  the  purpose  of  setting  fire  to  the  mass 
with  a  less  degree  of  heat*.*'    If  1  maj  trust  some  crude  expert* 
ments  which  I  hare  made  with  a  common  powder  trier,  I  mast  ae* 
cede  to  (he  opinion  of  M.  I^aum^,  as  I  repeatedly  found  }liat 
equal  bulks  of  common  powder,  and  of  the  same  sort  of  powder, 
freed  from  its  sulphur  by  a  gentle  evaporation,  differed  very  mad 
both  in  the  loudness  and  force  of  the  explosion  ;  the  powder  whick 
had  lost  its  sulphur  being  inferior  to  the  other  in  both  particulars. 
It  is  not  without  reason,  that  equal  bulks  are  here  specified,  lor 
any  definttire  measure  of  common  powder  weighs  more  than  the 
same  measure  of  powder  which  has  lost  its  sulphur;  hence  the  rtm 
suit  of  experiments  made  with  equal  weights  of  these  powders,  wiU 
be  different  from  that  which  is  derived  from  the  explosion  of  equal 
bulks  :  may  not  this  obyerration  tend  to  reconcile  the  opinions  be« 
fore  mentioned  ?    But  whether  sulphur  be  an  absolutely  necessary 
ingredient  in  the  composition  of  gunpowder  or  not,  it  is  certain 
that  an  accurate  mixture  of  the  ingredients  is  essentially  requisite. 
In  order  io  accomplish  this  accurate  mixture,  the  ingredients  are 
previously  reduced  into  coarse  powders,  and  afterwards  ground 
and  pounded  together,  till  the  powder  becomes  exceeding  fiue; 
and  when  that  is  done  the  gunpowder  is  made.     But  as  gunpowder, 
in  the  state  of  an  impalpable  dust,  would  be  inconvenient  in  its 
use,  it  has  been  customary  to  reduce  it  into  grains,  by  foroing  it, 
when  moistened  with  water,  through  sieves  of  various  sizes. 

The  necessity  of  a  complete  mixture  of  the  materials,  in  ordsr 
to  have  good  gunpowder.  Is  sensibly  felt,  in  the  use  of  such  as  hss 
been  dried  after  having  been  accidentally  wetted.  There  may  bt 
the  same  weight  of  the  powder  after  it  has  been  dried,  that  tbaia 
was  before  it  was  wetted  ;  but  its  strength  is  greatly  diminished  ot 
account  of  the  mixture  of  the  ingredients  being  less  perfect.    Tkil 

diminution  of  strength  proceeds  from  the  water  having  dissolved  a 

^ ^•-^— ^—^ 

•  Cbyn.  par  M.  Beatim^,  toI.  1.  p.  461. 

t  PhilM.  Trans.  1779,  p.  997,  where  the  reader  will  find  seveial  ingealoM 
xperiseats  relative  to  the  nature  of  guopowder,  hy  Dr.  iDgeoboniz. 
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irtlonaf  Ibe  tallpetre  (th*  otber  two  in{mll«iiti  not  being  Mlnfah 
water  :}  hr  npon  drying  die  powder,  the  diMolTcd  niipetrr  wiQ 
r  ctytallmrd  itt  particles  much  larger  than  (hose  weip,  which  «■• 
tuS  fnlo  ibr  cnm position  of  tbe  gu&potrder,  and  thns  Ibe  miiture 

'Ml  b»  Iru  intimate  and  uniform,   than  it  was  before  the  weKtng. 

Ikit  wettiikf  or  gunpowder  is  often  orcasianed  by  (he  tnerv  mois. 
ir«  of  the  ■tmolpher''.      Great  complaints  were  made  coDcerning 

^1k*  bultttm  of  the  gunpowder  iiW  b)'  the  English  in  their  engage. 
It  with  the  Frenib  fleet  oif  Grenada,  in  Jolj  177O:  the  French 

fating  doae  moch  dimage  to  the  ma^i^  and  rigging  of  the  Gnglbh, 

VlKn  tbe  English  shot  would  not  resch  them.  When  this  matter 
V*i  wqvircd  into  hy  the  House  of  Commons,  it  appeared  that  the 
pamiSrr  had  lir«n  injured  by  the  moisture  of  the  atmosphere;  it 
Iw)  concrettd  into  large  lumps,  in  the  middle  of  which  the  saltpetre 
■mviMble  lathe  naked  eye.  If  the  wetting  bss  been  considertUe, 
A»  powder  is  rendered  wholly  unfit  for  use  ;  but  if  no  foreign  lub- 
■Ihim  has  been  mixed  with  it  except  fresh  water,  it  miy  be  made 
(Mo  good  gnnpowder  xgain,  by  being  properly  poundeil  and  grB« 
Bulated.  If  the  wetting  has  been  occasioned  by  salt  water,  tad 
tiut  to  uiy  considerable  degree,  the  s«a  salt,  upon  drying  tbe  po«> 
d>r,  will  resuio  mixed  with  it,  and  may  to  Ui  ritiate  tU  qnallty, 
Ikatltcsii  nerer  be  osed  again  in  the  form  of  gunpowder.  How- 
•T»r,  u  by  loltrlion  in  wsler  and  subsequent  cry  stall  Jtatlowi  tha 
most  nliuble  pnrt  of  tbe  gunpowder,  nam«ly,  tbe  taltpMrc,  may 
be  esfrscted,  and  in  its  original  purity,  efen  frtMn  powder  that  hM 
been  wetted  by  sea  water,  or  otherwise  tpoAed,  ibc  (snag  a  A 
tnagn)  powder  b  a  matter  of  oatioaa]  econoay,  and  dcMrtcdty  a: 
trwied  to  in  tbe  elaboratory  at  Woolwich. 

7^  proportions  in  which  tbe  ingrcdienti  of  gnnpovdtr  are  coi 
tnned  together,  are  not  tbe  aaae  in  ABtttm  aalioM,   not  in  dtf* 
recent  worki  of  the  tame  nation,  cfen  far  powile*  dnfiaad  t*  A* 
same  me.     Il  a  diScotl  to  obtain  tnm  the  mtHfn  of  fnapwArr, 
any  inbranfion  apon  lUt  tnbjed:  ibeir  bnckwardana  In  Udtpv.  , 
ticalar  arbea,  not  so  anch  from  any  of  (km  bmefiat  *•  ■»'*•••  4 
possenrd  of  ihcbtst  poMible  proportioo,  u  froa  !■  lActMiMtflf ' 
vpttrf  commtm  to  most  Bannfutntera,  and  an  tppr*fc«"*a"  4( 
dtecav«ring  to  Ibe  world  (hat  tbey  do  not  bm  w  Mcb  D  ' 
theywgblto  do,  or  as  their  to»:prtSIO«  !■  Iwla  rtrff  J*  •» 
Saltpttf«ta  pot  nrfy  a  Mncb  dearer  cMBBoAly  ll—<<*w  iii)[i  if 
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the  composition  of  gunpowder,  than  both  these  materials  takra 
together ;  hence,  there  is  a  great  temptation  to  lessen  the  qaantitf 
of  the  saltpetre,  and  to  augment  that  of  the  other  ingpedivnts : 
and  the  fraud  is  not  easily  detected,  since  gunpowder,  mhich  nill 
explode  readily  and  loudly,  may  be  made  with  vtvy  different 
quantities  of  saltpetre, 

Baptista  Porta  died  in  the  year  15 1 5*;  he  gives  three  different 
portions  for  making  of  gunpowder,  according  as  it  was  required 
to  be  of  dilferent  stren^^th*.  I  have  reduced  his  proportions,  so 
that  the  reader  may  see  the  quantities  of  the  several  ingredients, 
contained  in  100  pounds  weight  of  each  sort  of  powder. 


Weak. 

Saltpetre  66^lb. 
Sulphur    16\ 
Charcoal  16| 

100 

Strong. 
75 
12| 
12{ 

too 

Strongest. 
80 
10 
10 

100 

ft  is  somewhat  remarkable,  that  in  all  these  proportions,  the 
sulphur  and  charcoal  are  used  in  equal  quantities.  Cardan  died 
about  sixty  years  after  Baptista  Porta,  and  in  that  interval,  the 
proportions  of  the  ingredients  of  gunpowder  seem  to  have  under- 
gone a  great  change.  Cardan's  proportions  for  great,  middle- 
sized,  and  small  guns,  are  expressed  in  the  following  tablt'*^. 


Gr.  Guns. 
Saltpetre  50  lb. 
Sulphur    16\ 
Charcoal  33j^ 

100 


For  great  and  middle.sized  guns,  we  see,  a  much  greater  pro. 
portion  of  charcoal  than  of  sulphur  was  used  in  Cardan^s  time ; 
at  present,  I  believe,  it  is  in  most  places  the  reverse,  or  at  least 
the  charcoal  no  where  exceeds  the  sulphur.  I  have  put  down  the 
proportions  used  at  present  in  England,  France,  Swedenj  Poland, 
and  Italy,  for  the  best  kind  of  gunpowder. 


f  Mag,  Nat.  L.  XII.  c,  3. 


f  Card..Oper.  Vol.  III.  p.  379. 
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Eaglanil. 
Stltpetra      73 
Snlpbtir        I£ 
Cbirctwl       10 

■100 


lOOll 


100  J 


100  J: 


lOOft 


Seieral  experifflenls  iiBTe  been  lately  made  in  France,  in  ordM  i 
todelcrBune  thecMct  pro[iortion3  of  the  several  ingrcdienls  which  1 
would  produce  the  strongest  possible  power;  these  proportiowl 
when  reduced,  "s  dll  the  rest  hare  been,  to  (be  quaolity  compos.  | 
iD^  one  hunilred  pounds  of  ganpuirdtr,  are 

S.-iltpr'tre  .         .         .  60  lb. 

Ctiarcoal         ....  15 

Sulphur  ....  5 

100  -    I 

Prom  hence  it  would  appear,  that  in  a  certain  treight  of  salfpetn, 
tbe  powder  wonid  pnidnce  the  greatest  effect,  when  the  weight  ^  | 
1/ie  charcoai  was  lo  that  of  the  sulphur,  as  3  to  1 .  On  the  ullitf  l 
i.iad,  «xp»rin)«nts  are  produced  from  which  it  U  ta  be  GOnclod<^, 
Ihat  in  a  certain  weight  of  salrpeire  the  best  powder  ii  made,  when 
Ihe  sotpliitr  U  to  tlie  charcoal,  in  tbe  proportion  of  3  to  I .  From 
lhe«e  diflereot  acconnts,  it  seems  as  if  the  probletn  of  deterBiuiag 
the  tery  best  possible  proportion  wns  not  yet  solved. 

In  drying  gun. powder,  after  it  is  redoced  into  graiai,  tlicfc  a»  J 
tiro  ihingi  lo  be  avoided,  too  mnch  and  too  li'tle  heat.     If  tbv  Ih 
ii  (on  greal,  a  portion  of  the  sulphur  will  be  driven  off,  and  ikM  I 
proportion  of  the  ingredients  beiag  changed,   tbe  goudn*«*  of  tk»    { 
ponder,  50  &r  as  it  depends  on  that  proportion,  will  be  >ni«r«^    . 
Inorder  to  tee  what  quantity  of  solpbor  night  be  leparatrd  (roB 
gua.po«deT,  itf  a  degree  of  heal  not  tuScient  to  explode  it,  I  look 
S4  grvtns  of  the  powder  marked    v  f  in  tbe  ikopt,  and  pi 

•  Tbete  on  aid  to  be  ihc   prDpmtian  of  e»trra»e«l  pv«d«r.~ 

Cbeoi.  p.  tm. 

[  Oioii.  Dirt,  ft  Baui'i  OwB.  Vet-  I.  ««. 
*,  Mem.  dr.  Chrni.  Vol.  II.  P-  »«3.  ■•««  ii  h  lU,  ikal  Nra  tpuM 
tswdn  from  H»llaad  p.rc  only  T 1  lb-  of  lalirtuc  fc««  lOD  af  f^4»r. 
Coma.  ScitD.  Buaao.  VoL  tV.  p.  IS3. 

as 
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it  on  a  piece  of  polished  copper,  t  heated  the  copper  bj  holding  it 

oyer  the  flame  of  a  candle ;  the  gun.powder  soon  sent  forth  a  s«l« 

phnreotts  yapour  ;  and  wh^n  it  had  been  dried  so  long  that  no  more 

fume  or  smell  conldbe  distinguished,  the  remainder  weighed  nine* 

teen  grains,  the  loss  amounting  to  fire  grains.     The  remainder  did 

not  eiplode  by  a  spark  like  gunpowder,  but  like  a  mixture  of  salt. 

petre  and  charcoal,  and  it  really  was  nothing  else,  all  the  snlphnr 

ha? iDg  been  dissipated.    Gunpowder  was  formerly  dried  by  being 

exposed  to  the  heat  of  the  sun,  and  this  method  is  still  in  use  in 

France,  and  in  some  other  countries ;  afterwards  a  way  was  in. 

tented  of  etposing  it  to  a  heat  equal  to  that  of  boiling  water;   at 

present  it  is  most  generally  in  England  dried  in  stores,  lieated  by 

great  iron  pots  ;  with  any  tolerable  caution  no  danger  of  explosion 

need  be  apprehended  from  this  method.     All  the  watery  parts  of 

the  gunpowder  may  be  evaporated  by  a  degree  of  heat  greatly  less 

than  that  in  which  gunpowder  explodes  ;  that  degree  haying  bwa 

ascertained  by  some  late  experiments,  to  be  about  the  jSOOth  degree 

on  Fahrenheit's  scale,  in  which  the  heat  of  boiling  water  u  fixed  at 

9 1 9*    There  is  more  danger  of  etaporating  a  portion  of  the  snlphnr 

in  this  way  of  drying  gunpowder,  than  when  it  is  dried  by  exposure 

to  the  sun. 

The  necessity  of  freeing  gnnpowder  from  all  its  moisture,  Is 
obylous  from  the  following  experiment, which  was  made  some  yemrs 
agoliefore  the  Royal  Society.  A  qnantlty  of  gnnpowder  was  taken 
ont  of  a  barrel,  and  dried  with  a  heat  equal  to  that  in  which  water 
boils ;  a  piece  of  ordnance  was  charged  with  a  certain  wei^t  of 
this  dried  powder,  and  the  distance  to  which  it  threw  a  ball  was 
marked.  The  same  piece  was  charged  with  an  equal  weight  of  tta 
same  kind  of  powder,  taken  ont  of  the  same  barrel,  but  not  dried, 
and  it  threw  an  equal  ball  only  to  one  half  the  distance.  TUs 
eflect  of  moisture  is  so  sensible,  tiiat  some  officers  hanre  afimwdy 
that  they  haye  seen  barrels  of  gunpowder  which  was  good  in  tta 
morning,  but  which  became  (by  attractfaig,  probably,  the  Innnidifj 
of  the  air)  good  for  nothing  in  the  eyening  *.  In  order  to  keep  His 
powder  dry,  by  preyenting  the  access  of  the  air,  It  has  been  pro. 
posed  to  line  the  barrels  with  tin  foU,  or  with  diin  sheets,  oflendf 
after  the  manner  in  which  tea  boxes  are  lined  f*    Would  it  sot  be 

*— qa*ll  avoit  tu,  dans  let  geenet  d*ltalie»  quelqiie  barrels  de  poadte  qui 
iUAt  bonne  le  Buuiii,  etqii  ne  YaloU  rien  le  soir.  HIsU  Nat.  dc  Vigjf^;;^  pjk 
f  Hilt  Nat  de  riipagae. 
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pouUilc  to  preserve  powder  free  f rom  moiinuc,  a^  («■  tWIiB 
of  4  pari  of  its  sulphur  io  hot  climatei,  bj  kerpoig  it  is  ghnj 
cutheo  bolUei,  or  in  bottles  made  of  capper  or  tia,  90U  filnJ  } 

Tbis  disposition  Io  attrmct  llie  humidity  of  tiiB  lir,  is  <Umaf 
jo  different  sorts  of  powder,  it  U  the  least  ta  tlut  wkick  b  Bad* 
(rom  l))e  purest  saltpetre  ;  pure  saltpetre,  which  has  btat  dried  « 
gunpowder  is  dried,  does  not  become  heavier  b/  expoiare  to  tkt 
Umoiphert :  at  least,  its  iucreise  of  n^cight  is  Tcry  small,  not  ■«»*— rt 
iug,  ns  far  as  my  experiments  hare  iiifurlDed  me,  to  tbore  ose  J%i 
prl  of  tis  weight ;  I  ra.ther  think  that  it  dues  not  acquire  anjr  iiu 
crease  of  weight.  But  saltpetre  mixed  with  sea  soli,  atlrads  Ih* 
buuidily  Tery  sensibly:  and  hence,  though  there  should  be  the  sam* 
w«i^l  of  saline  matter  iu  a  certain  weight  of  gunpowder,  yet  tbe 
goodness  of  the  powder  may  be  rery  variable,  not  only  from  tite 
foreign  saline  matter,  be  it  sea  salt,  or  any  other  salt,  iajuriog  tho 
quality  of  the  powder  as  being  an  improper  ingredient,  but  from  its 
lenderiog  the  powder  more  Uable  to  become  humid. 

Sa)tpttr<E  bciug  the  ingredient,  in  which  there  is  the  greattst  rooa 
fcr  fraud,  in  the  composition  of  guopo>rder,  and  on  the  quantity  of 
which  its  itreDgth  chteQy  deptnds,  the  reader  will  excuse  the  mi> 
uiteaeu  of  the  following  process,  to  ascertain  the  quantity  of  §■!(• 
pttre  contaioetl  in  any  epecimen  of  gunpowder. 

Take  any  quantity  of  gunpowder,  pound  it  in  a  glaai  mortw  till 
all  the  grains  are  broken,  lay  it  before  a  gemte  fire  till  >(  be  quit* 
dry  i  io  ibtt  state  wei^h  accurately  any  quantity  of  it,  mppoM  foM 
ounces;  boil  these  four  ounces  in  about  a  quoit  of  water;  tht 
boiUoj  need  peitber  be  violent  aor  long  continatd,  for  tb«  wito* 
«UI  rndily  dissolve  all  the  saltpetre,  or  other  saline  matter,  aaA 
■at  a  particle  of  either  the  sulphur  or  tht!  charcoal  of  the  powder. 
In  order  to  teparate  the  water  containing  the  sallpeUe,  frm  llM 
talpliur  and  charcoal,  pour  the  whole  iota  a  filter  m 
paper;  ike  water  containing  the  saltpetre  will  run  throa^  Ik* 
paper,  and  most  be  carefully  preserved ;  the  charcoal  a 
will  remaia  npon  the  paper.  Gut  as  some  particUt  of  Mllpvtrs 
will  itsck  both  to  the  filtering  paper,  and  ta  Ika  noM  of  n 
durcoAJ,  (J>e*e  are  to  be  repeatedly  washed,  by  pc 
npoB  ikeDi,  till  the  water  in  running  throB|b  Ibt  Altor  is  f  idl*  fe* 
li^ ;  tkeo  we  may  be  certain,  that  wc  hat*  tU  tim  mSlfaIn  «rb 
dually  cooUJiied  ia  the  powdrr,  uuw  diiMlrad  is  Ik*  1 


182     COMPOSITION  AND  ANALYSIS  OF  GUNPOWDER* 

all  the  sulphur  and  charcoal  remaining  a  filed  mass  npon  the  filter* 
These  respectiye  quantities  may  be  ascertiiined  without  much  dilB* 
cultj*    The  water  containing  the  dissol? ed  saltpetre,  must  be  eva» 
porated  by  a  gentle  heat ;  the  saltpetre  cannot  be  efaporated  by  the 
same  degree  of  beat  which  ef&porates  the  water ;  all  the  saltpetre 
then  contained  in  the  gunpowder,  will  remain  'after  the  water  is 
diitpersed,  and  being  carefully  collected  and  weighed,  it  will  shew 
the  quantity  of  saline  matter  contained  in  the  powder.     Dry  tho 
mass  of' sulphur  and  charcoal,  by  laying  the  filtering  paper  cob* 
taining  it  before  the  fire ;  it  should  be  made  as  dry  as  the  p«wder 
was  before  it  was  dissoWed  in  the  water  :  in  that  state  weigh  tfa* 
saltpetre  and  charcoal ;  and,  when  the  experiment  has  been  accu. 
*  rately  made,  the  weight  of  the  saltpetre,  added  to  that  of  the  mix* 
ture  of  sulphur  and  charcoal,  will  just  amount  to  four  ounces,  the 
weight  of  the  powder*    The  quantity  of  saline  matter  contained  in 
any  specimen  of  gunpowder,  being  thus  ascertained,  its  quality 
may  be  known  by  dissolving  it  in  water,  and  crystallising  it ;  if 
any  part  of  it  crystallizes  in  little  cubes,  it  is  a  sign  that  it  contains 
sea-salt;  or  if  any  part  of  it,  after  being  duly  eyaporated,  will  not 
crystallite,  it  is  a  sign  that  it  contains  another  sort  of  impBritj, 
called  by  saltpetre  makers,  the  mother  of  niire^  which  powerfnlly 
attracts  the  humidity  of  the  air* 

The  gunpowder  marked  pf,  was  analysed  in  the  following  man. 
ner.  Twenty-foor  grains,  by  STaporating  the  sulphur,  were  re. 
duced  to  nineteen ;  these  nineteen  grains  gaye,  by  solution  in 
water  and  subsequent  filtration  and  crystallization,  sixteen  grains 
of  saltpetre;  the  charcoal,  when  properly  dried,  weighed  three 
grains.  According  to  these  proportions,  100  pounds  of  this  kind 
of  gunpowder  consisted  of 

Saltpetre  .  .  .        66^ 

Sulphur  •  •  ,        201 

Charcoal  .  .  .        12j. 

100  lbs. 

I  tried  this  gunpowder  in  two  or  three  other  ways  by  takiig 
larger  quantities  of  it,  but  the  .quantity  of  saltpetre  was  always 
Mlb.  together  with  some  fractional  part  of  a  pound,  from  100 U). 
of  gunpowder.  The  powders  marked  with  a  single  and  a  doable 
ti  dUbr  In  the  sise  of  the  grafai|  but  they  do  not  seem  to  differ,  at 
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ftr  U  1  hiTfr  tried  thrai,  ;■  iIm  qaudiij  «f  ik  a 
lain.  Pram  some  sorts  of  powder.  1  kwe  ^ 
7ll1b.  af  ultprtrc,  from  IOOIh.ortiwB 

Tfap  mrUiM)  of  auatysia;  gvnpowder,  bj  c 
i>  not  wkoUf  to  be  rrli«d  itpea  ;  I  ka«* aftea  ataefverf,  ^M  « 
mtKturx  of  tulpkor  and  ciuico*!  hcT*  been  ii|»wd  li  t 
lion,  mi  ■  phte  ofbeaied  copper.  tW  reMiidir  howjij 
than  the  charcoal  vhich  entered  Ihe  eospoaitioB,  |Mrt  a<  it  h 
brrn  cnrrifd  off  bj  Ibe  violent  evaporatioaof  ll 
thp  pruportion  of  aolphnr  in  the  above  maatjm  b  pr^hiW)  tea  j 
I  am  awarv  that  thii  ob^crration  is  nhollj  « 
of  M.  Beaunie,   whu  conlenlj,  tbat  one  tacatj-IoDriliput  a 
vri^hl  of  ibe   >al))liar  ein[)lof«ii  in    attj  mixture  of  tulplwir  . 
charcoal,  adheres  so  stroDgly  to  the  charcoal,  ihat  it  caaoot  be  ^ 
paraird   from  it  withont  burning  the  clurcoal. — I  lan  only  ■ 
thai  he  teparttted  the  «ulphur  bj  burning  it,  aad  1  aeparated  v 
hy  Hibliming  it  witboul  soflcring  it  lo  lalce  &re,  awl  this  dii 
in  dvE  manner  of  making  the  experiment,  ma;  perhaps  be  bi 
(o  account  for  the  different  results. — Uiil  it  i«  unneceuar;  U 
this  snbject  further  ;   Ihete  are  sereral  ihtngi  to  be  attended  to  i^fl 
forming  B  complete  analysia  of  gunpowder,  which  Bay  person  tolBta 
ribly  well  versed  in  chemistry,  would  certainly  take   notice   of,  if  I 
the  anal}ui  of  any  particular  powder   nal  required    to  be  madl^  1 
and  which  cannot,   in   this  general  view,   be  minutely  described^  1 
tad,  indeed,  it  is  the  less  Deccisary  lo  enter  Into  a  detail  ontUK.J 
tniijwt,  u  the  strength  of  the  powder  is  not  so  mnch  aQ'ecltd  bf  I 
imall  rarialions  in  the  qnanlilies  of  the  suTpbur  andcha^rcoil,  whiA  1 
tnter  into  its  composition ;  and  t!ie   method   of  ascertaining  th* 
quantity  and  quality  of  the  saltpetre,  in  any  particular  gunpowder^ 
bu  been  sufficiently  explained. 

In  order  lo  judge  with  more  certainty  coDcetning  the  elTect  of  i 
tta.sall,  when  mixed  with  saltpetre  ia  attracting  the  humidity  of  I 
the  air,  I  made  the  following  experimeut.  Fire  parte  of  pure  salt-  | 
petre  in  powtter,  were  exposed  for  a  month  to  a  moist  atmosphere,  J 
hot  I  did  not  observe  thai  the  saltpetre  had  gained  the  least  increaM  1 
of  weight  ;  for  the  same  length  of  time,  and  in  the  same  place,  I'M 
exposed  foor  parts  of  saltpetre  mixed  with  one  of  common  sal^  | 
anil  thitt  mixture  had  attracted  lo  much  moisture,  that  it  was  in  a  | 
ttitealfluditjr. 

[Biikop  Watson. 
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Besides  saltpetre  or  the  nitric  add,  which  is  the  ectife  ingredieat 
in  saHpetre,  there  are  Tarious  other  acids,  as  tlie  oxymoriatiCy 
(chlorine  of  Da? j),  the  hyper  oxymoriatic,  the  arsenic,  tungatiCf 
molybdic,  and  colnmbic,  that  are  powerful  supporters  of  comlmt- 
tlon.  Of  these  the  most  easy  of  access  is  the  oxymuriatic ;  and 
tills  has  in  consequence  been  tried  either  instead  of,  or  in  conjone. 
tion  with,  the  nitric  acid,  to  ascertain  whether  it  be  possessed  of 
more  power*  The  best  experiments  npon  the  subject  are  those  of 
Edward  Howard,  Esq.  as  communicated  to  the  Royal  Socielj. 
The  effect,  according  to  these,  is  yery  singular,  in  the  employment 
of  the  oxymuriat  of  potash,  the  only  form  in  which  the  oxymuriatic 
acid  has  hitherto  been  made  use  of.  It  acts  with  considerably 
more  energy  so  far  as  its  range  extends ;  but  this  range  is  far  short 
of  that  produced  by  saltpetre,  or  nitrat  of  potash.  It  produces  also 
a  much  more  violent  explosion  ;  and  an  explosion  which,  in  one 
instance,  burst  the  vessel,  and  nearly  destroyed  the  eyeijig^t  of  the 
bold  and  ingenious  experimenter.  {^EMor. 


CHAP.  XIV. 

FULlflNATINO  POWDERS. 

JL  iibxe  are  various  combinations  under  this  name  that  possess  a 
near  resemblance  to  gunpowder  in  their  constituent  parts,  easily 
inflame,  and  explode  with  great  violence,  but  require  a  certain 
d^ree  of  heat  to  produce  this  effect.  We  shall  notice  the  coou 
mon  and  the  metallic  fulminating  powders. 

aXCTION   I. 

Common  Fulminating  Powder. 

Tuis  is  prepared  as  follows :  take  three  parts  of  nitre,  two  of 
purified  pearl.ash,  and  one  of  flowers  of  sulphur,  mix  the  winila 
very  accurately  in  an  earthen  mortar*  and  place  it  on  a  tile  or  pMa 
before  the  fire,  till  it  is  perfectly  dry :  then  transfer  it  wUlo  bot 
into  a  ground  stopper  bottle,  and  it  may  be  kept  without  injury  for 
any  length  of  time.  In  order  to  experience  its  effects,  pour  frma 
ten  to  forty  graina  into  an  iron  ladle,  and  place  it  over  a  slow  fire : 


TULM IVATIV6  60UI  AVO  SUTCB.  lU 

b  a  ikirt  «um  tW  powder 

consistence;  a  bloe  iaabeot 

ind  ia  aa  iaitant  after  the  wkole 

aad  a  sUght  mooMaUrj  flask.     If  tkt 

fiia  93  800B  as  it  is  Cased,  and  kept  ia  a  dry 

Kt  WKf  tiflM  be  exploded  faj  a  ^ark,  in  whick 

gunpowder,  bnt  more  rapidlj  and  witk  ficnirr 

this  effpct  cannot  be  prodnecd  ow  tkt 

ntdj  soewer  tke  ingredients  of  it  ate 

hlninating  powder  b  in  fosion,  bnt  not 

Ktsaiy  to  prodace  tke  Mae  iaiK,  a  paitide  of  igmttA 

tbroiwn  npon  it  will  occaskm  iainedritriy  a  leaMrkabcj 

ploilon. 

It  appears  tkat  tke  ingredients  of  tkis  powder  do  not 
Ikttr  falminating  property  till  coaibincd  by  fasion  ;  in  ocbH 
till  tke  pot^ak  of  salpkar  form  salpkarct  of  pot-ask :  wkcwca  liA. 
niaatiog  powder  awj  also  be  made  bj  aizing  snlpkmt  of 
ask  wiCk  nitre,  instead  of  bj  adding  tke  salpknr  and  alkafi 
rate. 

In  all  these  tke  caase  of  tke  detonation,  or  falmination,  is  not 
accttrateij  nnderstood.  lo  simple  falminating  powder,  tkcia  is  a 
itry  large  portion  of  elastic  gass  erolrtd;    in  felm.nating  ^obl 

or  nlrer,  a  mack  smaller  ;  jet  the  f^xplosion  in  tke  Utter  case  if 

iofinitel J  greater  than  tkat  in  tke  former. 

Fulmin&timg  Gold* 

OfesolTe  pare  gold  in  nitro-moriatic  acid  to  sat  oration,  and  di. 
lote  the  solation  witk  three  times  its  bolk  of  distilled  water,  and 
•dd  to  it  gradually  some  pare  ammonia  ;  a  yellow  precipitate  will 
k  obtained,  which  most  be  repeatedly  washed  with  distilled  water, 
tad  dried  on  a  chalk  stone,  or  in  a  filter.  When  perfectly  dry,  it  is 
called  falminating  gold,  and  detonates  by  heat,  as  may  be  sbewn 
by  heating  a  few  grains  of  it  on  the  point  of  a  knife  orer  the  candle. 

FulmintUimg  Silver. 

Dissoire  fine  sflyer  in  pale  nitric  acid,  and  precipitete  the  sola- 
te  by  lime-water;  decant  the  floid,  mix  the  precipitete  with 
BqtU  ammonia,  and  stir  it  till  it  assumes  a  black  colonr  |  then  de. 
c^Dt  tke  laid,  and  leaye  it  in  tke  open  air  to  dry.  This  prodnct  is 
UmoMliBg  iilTer,  wkick  when  once  obtained  cannot  be  touched 
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without  producing  a  Tiolent  explosion.  It  is  the  ntost  dangerou 
preparation  known,  for  the  contact  of  fire  is  not  necessary  to  cause 
it  to  detonate.  It  explodes  hj  the  mere  toach.  Its  preparation  is 
so  hazardous,  that  it  ought  not  to  be  attempted  without  a  mask, 
with  strong  glass  eyes,  upon  the  face.  No  more  than  a  single 
grain  ought  at  any  time  to  be  tried  as  an  experiment.  This  was 
inTentfd  by  M.  Bcrthollet. 

M.  Chenevix  has  invented  a  fulminating  silver,  not  so  dangerous 
as  that  just  mentioned.  It  explodes  only  by  a  slight  friction  in 
contact  with  combustible  bodies.  It  is  thus  prepared^  diffuse  a 
quantity  of  alumina  through  water,  and  let  a  current  of  oxygenated 
muriatic  acid  gass  pass  through  it  for  some  time.  Then  digest 
some  phosphate  of  silver  on  the  solution  of  the  oxygenated  moriata 
of  alumina,  and  evaporate  it  slowly.  The  product  obtained 
will  be  a  hyper.oxygenated  muriate  of  silver,  a  single  grain  of 
which,  in  contact  with  two  or  three  of  sulphur,  will  explode  Tio« 
lently  with  the  slightest  friction* 

Fulminating  Mercury* 

The  mercurial  preparations  which  fulminate,  when  mixed  with 
sulphur,  and  gradually  exposed  to  a  gentle  heat,  are  well  known  to 
chemists :  they  were  discovered,  and  have  been  fully  described,  by 
Mr.  Bayen. 

MM.Brugnatelli  and  Van  Mons  have  likewise  produced  fal* 
minations  by  concussion,  as  well  by  nitrat  of  mercury  and  phos- 
phorus,  as  with  phosphorus  and  most  other  nitrats.  Cinnabar 
also  is  amongst  the  substances  which,  according  to  MM.  Four* 
croy  and  Vauquelin,  detonate  by  concussion  with  oxymoriat  of 
potash. 

M.  Ameilon  ^had,  according  to  M.  Berthollet,  observed,  that 
the  precipitate  obtained  from  nitrat  of  mercury,  by  oxalic  add, 
fuses  with  a  hissing  noise. 

But  mercury,  and  most,  if  not  all  its  oxyds,  may,  by  treatment 
with  nitric  acid  and  alcohol,  be  conterted  into  a  whitish  crystal- 
lized powder,  possessing  all  the  inflammable  properties  of  gun- 
powder, as  well  as  many  peculiar  to  itself. 

^^  I  was  led  to  this  discovery,*'  says  Mr.  Howard,  the  inventory 
*^  by  a  late  assertion,  that  hydrogen  is  the  basis  of  the  moriatic  acid : 
it  Induced  me  to  attempt  to  combine  different  sabstances  %rith  hjr* 
drogen  and  oxygen.    With  this  view  I  mixed  such  subatancca  with 
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alcohol  tnd  Ditric  acid  as  might  (by  predisposing  affinity)  fa? our  as 
well  as  attract  an  acid  combination  of  the  hydrogen  of  the  one^  and 
the  oxygen  of  the  other.     The  pare  rei!  oxyd  of  mercury  appeared 
not  Dofit  for  this  purpose  $  it  was  therefore  intermixed  with  alcohol, 
and  opon  both  nitric  acid  was  aflfused.     The  acid  did  not  act  upon 
the  alcohol  so  immediately  as  when  these  fluids  are  alone  mixed  to* 
gether,  bat  first  gradually  dissolved  the  oxyde :  howeyer,  aAer 
ioaie  Diontes  had  elapsed,  a  smell  of  ether  was  perceptible,  and  a 
white  dense  smoke,  much  resembling  that  from  the  liquor  fomans 
of  LibaTios,  was  emitted  with  ebullition.     The  mixture  then  threw 
down  a  dark.colonred  precipitate,  which  by  degrees  became  nearly 
white*    This  precipitate  I  separated  by  filtration  ;  and  obserriog  It 
to  be  crystallized  in  smaller  acicular  crystals,  of  a  saline  taste,  and 
also  finding  a  part  of  the  mercury  Tolatilized  in  the  white  fames,  I 
Bust  acknowledge,  I  was  not  altogether  without  hopes  that  muriatic 
acid  bad  been  formed,  and  united  to  the  mercurial  oxide ;  I  tbete. 
fore,  for  obvious  reasons,  poured  sulphuric  add  upon  the  dried 
cjystalUQe  mass,  when  a  violent  efferresceuce  ensued,  and,  to  mj 
great  astonishment,  an  explosion  took  place.     The  singnlarity  of 
this  explosioo  induced  me  to  repeat  the  process  sereral  tioMS  ;  aad 
fiadiog  tlmt  I  always  obtained  the  same  kind  of  powder,  I  pre* 
pared  a  quantity  of  it,  and  was  led  to  make  the  series  of  experi* 
ments  which  I  shall  have  the  honour  to  relate  in  this  paper. 

*'  I  first  attempted  to  make  the  mercurial  powder  faloHoate  hf 
concussion ;  and  for  that  purpose  laid  about  a  graun  of  it  wpon  a 
cold  anvil,  and  struck  it  with  a  hammer,  likewise  eold«  It  detib 
lated  slightly,  not  being,  as  I  suppose,  struck  with  a  iat  How ;  fisr 
spon  nsing  three  or  four  grains,  a  very  stooniof  disagrfetWe  mtmt 
wu  produced,  and  the  foces  both  of  the  lianflMT  and  themrfl  wero 
much  indented. 

^^  Half  a  grain,  or  a  grain,  if  quite  drvj  is  as  nndb  as  o«g|bt  tolie 
used  on  such  an  occasion. 

*<  The  shock  of  an  electrical  batfery,  snrt  tibrooirh  fire  or  six 
fraios  of  the  powder,  produces  a  very  sinu^  eKKt.  If  Si«flM^ 
indeed,  that  a  strong  electrical  shock  geoefxlly  a#;ts  om  feloiiiwfiaf 
ishstances  like  tlie  blow  of  a  hammer.  Mefsrs .  T^rtrvy  ami 
Vaaqnelin  found  this  to  be  the  case,  wilh  all  their  rniunmt  of  of  y« 
martale  of  potass. 

'^  To  ascertain  at  what  temperatare  the  merewrttt  powder  ^^ 
plodcs,  two  Of  tla<ee  grains  of  it  were  ioated  on  oil^  in  a  gtpuli  of 
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iMf  Ud  ;  tbe  bulb  of  a  Fahrenheit's  thermometer  was  made  just  to 
touch  the  sorikce  of  the  oil,  which  was  then  gradually  heatod  till 
the  powder  exploded,  as  the  mercury  reached  the  368th  degree. 

^^  Desirous  of  comparing  the  strength  of  the  mercurial  componad 
with  that  of  gunpowder,  1  made  the  following  experiment  in  the 
presence  of  my  friend  Mr.  Abernethy. 

^'  Finding  that  the  powder  could  not  be  fired  with  flint  and 
steel,  without  a  disagreeable  noise,  a  common  gunpowder  proofs 
capable  of  containing  eleren  grains  of  fine  gunpowder,  was  filled 
with  it,  and  fired  in  the  usual  way  :  the  report  was  sharp,  bat  not 
loud.  The  person  who  held  the-  instrument  in  his  hand  felt  no  re. 
coil ;  but  the  explosion  laid  open  the  upper  part  of  the  barrely 
nearly  from  the  touch-hole  to  the  muzzle,  and  struck  off  the  hand 
of  the  register,  the  surface  of  which  was  erenly  indented,  to  the 
depth  of  0.1  of  an  inch,  as  if  it  had  receifed  the  impression  of  a 
punch. 

^^  The  instrument  used  in  this  experiment  being  familiarly  known, 
it  is  therefore  scarcely  necessary  to  describe  it :  snflice  it  to  sayi 
that  it  was  brass,  mounted  with  a  spring  register,  the  moTcaUt 
hand  of  which  closed  up  the  muzzle,  to  receire  and  graduate  the 
violence  of  the  explosion.  The  barrel  was  half  an  inch  in  calibrOi 
and  nearly  half  an  inch  thick,  except  where  a  spring  of  the  lock 
impaired  half  its  thickness. 

*'  A  gun  belonging  to  Mr.  Keir,  an  ingenious  artist  of  Camden* 
Town,  was  next  charged  with  seventeen  grains  of  the  mercnrud 
powder,  and  a  leaden  bullet.  A  block  of  wood  was  plaoed  at 
about  eight  yards  from  the  muzzle  to  recei? e  the  ball,  and  the  gnu 
was  fired  by  a  fuse.  No  recoil  seemed  to  haye  taken  place,  as  tht 
barrel  was  not  moved  from  its  position,  although  it  was  in  no  ways 
confined.  The  report  was  feeble;  the  bullet,  Mr.  KeIr  conoeircdi 
from  the  impression  made  upon  the  wood,  had  been  projected  with 
about  half  the  force  it  would  have  been  by  an  ordinary  charg*^ 
or  sixty-eight  grains,  of  the  best  gunpowder.  We  therefor^  re. 
charged  the  gun  with  thirty.foor  grains  of  the  mercurial  powder; 
and  as  the  great  strength  of  the  piece  removed  any  apprehension  of 
danger,  Mr.  Keir  fired  it  from  his  shoulder,  aiming  at  the  sane 
block  of  wood.  The  report  was  like  the  first,  sharp,  bot  not 
lender  than  might  have  been  expected  from  a  charge  of  gunpowdttW 
Fortunately  Mr.  Keir  was  not  hurt;  but  the  gun  was  burst  in  an 
f  xtraoffdinary  naantr.    The  breech  was  what  ia  called  m  patart 
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me,  of  <li«  best  forged  iron,  consisting  of  a  cliainber  0.4  of  an  iacli 
Ihidc  «II  rogn«l,  nml  0.4  of  an  inch  iu  calibre  ;  it  was  torn  opt^ 
and  (law«i]  in  rnnur  directions,  and  the  gold  (uucb-bole  driven  ont. 
The  tnrrel  into  which  the  breecb  was  screwed  was  0.5  of  an  inch 
ibick  ;  it  was  split  by  a  single  crack  three  inches  long,  but  this  did 
not  appear  lo  me  lo  be  the  immediate  effect  of  the  exploiion.  I 
think  tbe  screw  of  the  breech,  being  suddenly  enlarged,  acted  bs  k 
tredfte  upOQ  the  linrrel.  The  ball  missed  (he  block  of  wood,  and 
itrack  agaioBt  a  wait,  which  had  already  been  the  receptable  of  to 
nanr  bullets,  that  we  could  not  satisfy  ourstlves  about  the  impres* 
dim  made  by  this  lai(. 

"  Kt  it  was  prelly  pbin  that  no  gun  could  confine  a  qusotity  of 
ihe  roercuriaJ  powder  sufficient  to  project  a  bullet  with  a  greater 
brce  than  an  ordinary  charge  of  gunpowder,  I  determined  to  try 
its  comparative  strength  in  another  way.  I  procured  two  blocks 
«f  wood,  very  nearly  of  the  same  size  and  strength,  and  bored 
tbcD  with  ibe  same  instrument  to  the  same  depth.  The  one  was 
ckargvd  with  half  an  ounce  of  the  best  Darlford  gunpowder,  and 
lheoth«T  wtlh  Wtan  ounce  of  the  mercurial  powder;  both  were 
(like  bari«d  in  sind,  and  fired  by  a  train  communicating  with  the 
powders  by  a  small  tooch.hole.  The  block  containing  the  gnn. 
powder  was  simply  split  into  three  pieces  :  that  charged  with  the 
mercurial  powder  was  burst  in  every  direction,  and  the  parts  im> 
vitdialely  coatJgDOus  to  the  powder  were  absolutely  pounded,  yet 
the  wliole  hung  together,  whereas  the  block  split  by  the  gun- 
powder had  its  parts  fairly  separated.  The  sand  surrounding  the 
pnpowder  wu  undoubtedly  the  most  disturbed  ;  in  short,  tfat 
Mtcnrial  powder  appeared  lo  have  acted  with  the  greatest  energy, 
bat  only  within  certain  limits. 

"  Tba  eflecls  of  tbe  mercurial  powder,  in  the  last  experiments, 
■ide  nie  believe  that  it  might  be  confined,  during  its  explosion,  in 
the  cntK  of  a  boltow  glass  globe,  flaring  therefore  provided  snch 
■  vessel,  tevcn  inches  in  diameter,  and  nearly  half  an  inch  thick, 
nounted  with  brass  caps,and  a  slop  cock,  I  placed  ten  grains  of  mer* 
tarial  powder  on  thin  paper,  laid  on  iron  wire  1491b  of  an  inch  thick 
ttroas  Ou  paper,  tfaroogh  the  midst  of  the  powder,  and,  closing  th* 
pa^r,  tied  it  fast  at  both  extremities  with  silk  (o  the  wire.  Ai 
tbe  inclosed  powder  was  now  attached  to  the  middle  of  the  wire, 
each  «iid  of  which  was  connected  with  the  brass  caps,  tbe  packet  of 
powder,  became  by  this  disposition,  fixed  in  the  centre  of  tfaa 
ttobe.    Such  a  charg*  of  an  electrical  battery  was  then  sent  along 
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the  wire,  ts  a  preliminary  experiment  (with  Mr.  Cathbertson'f 
electrometer)  had  shewn  me  would,  by  making  the  wire  red  hot, 
inflame  the  powder.  The  glass  globe  withstood  the  eipIosioD,  and 
of  course  retained  whaterer  gasscs  were  generated  ;  its  interior 
was  thinly  coated  with  quicksiWer,  in  a  Tery  divided  state*  A 
bent  glass  tube  was  now  screwed  to  the  stop.cock  of  the  brass  cap, 
which  being  introduced  under  a  glass  jar  standing  in  the  mercnrial 
bath,  the  stop.cock  was  opened.  Three  cubical  inches  of  air 
rushed  out,  and  a  fourth  was  set  at  liberty  when  the  apparatas  was 
removed  to  the  water  tub*  The  explosion  being  repeated,  and  the 
air  all  received  over  water,  the  quantity  did  not  vary.  To  avoid 
an  error  from  change  of  temperature,  the  glass  globe  was,  both  be- 
fore and  after  the  explosion ^  immersed  in  water  of  the  same  teou 
peratnre.  It  appears,  therefore,  that  the  ten  grains  of  powder 
produced  four  cubical  inches  only  of  air. 

'^  To  continue  the  comparison  between  the  mercurial  powder 
and  gunpowder,  ten  grains  of  the  best  Dartford  gunpowder  were 
in  a  similar  manner  set  fire  to  in  the  glass  globe  ;  it  remained  en* 
tire.  The  whole  of  the  powder  did  not  explode,  for  some  con. 
plete  grains  were  to  be  observed  adhering  to  the  interior  sarface  of 
the  glass.  Little  need  be  said  of  the  nature  of  the  gasses  generated 
during  the  combustion  of  the  gunpowder :  they  must  have  been 
carbonic  acid  gass,  sulphureous  acid  gass,  nitrogen  gass,  and  (ac« 
cording  to  Lavoisier)  perhaps  hydrogen  gass.  As  to  the  quaatity 
of  these,  it  is  obvious  that  it  could  not  be  ascertained :  because  the 
two  first  were,  at  least  in  part,  speedily  absorbed  by  the  alkali  of 
the  nitre,  left  pure  after  the  decomposition  of  its  nitric  acid.'* 

The  following  description  will  gire  the  experimental  philosopher 
a  clear  idea  of  the  instrument  used  in  this  business. 

The  ball  or  globe  of  glass  is  nearly  half  an  inch  thick,  and  seven 
inches  in  diameter.  It  has  two  necks,  on  which  is  cemented  two 
brass  caps,  each  being  perforated  with  a  female  screw,  to  receive 
the  male  ones ;  through  the  former  a  small  hole  is  drilled ;  tht 
latter  is  furnished  with  a  perforated  stud  or  shank.  By  means  of 
a  leather  collar  the  neck  can  be  air-tightly  closed.  When  a  per* 
tion  of  the  powder  is  to  be  exploded,  it  must  be  placed  on  a  piect 
of  paper,  and  a  small  wire  laid  across  the  paper,  through  the  midit 
of  the  powder ;  the  paper  being  then  closed,  is  to  be  tied  at  each 
end  to  the  wire  with  a  silken  thread.  One  end  of  this  wire  is  to  be 
iutened  to  the  end  of  the  shank,  and  the  screw  inserted  to  half  its 
length  into  the  brass  cap ;  the  other  end  of  the  wire,  by  means  of  a 
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■t^dlp,  i«  to  be  draitn  ibrog^h  the  bote.     The  sere v  hc-ing  noif 
fiseJ  in  ita  plmcc,  and  the  wire  drawn  light,  is  to  be  tecurvd  by 
pathinj  ihe  irregular  woodea  plug  into  tlie  a|N>rIure  of  Ibe  screw, 
taking  tairta  It-are  a  passage  Tor  the  air.      The  stopcock »  now  l« 
b«  icrewnl  on.      The  glass  liibe  is  btnt,   that  i(  may  more  conre. 
nimtly  be  introduceil  ODtlHr  the  tectivtt  of  a  piieunutic  appanluh 
"  From S0nieoriheeipennient«(contlDues  M r.llo ward)  in  uhicb 
lh»  goDponder  proof  and  the  gun  wt-re  bunt,  il  might  be  infcrrrd) 
Ihklihe  astoaishing  force  of  the  mercurial  powder  is  to  be  attributed 
to  the  rapidilj  of  io  combiistioa  ;  and  a  train  of  several  inches  ia 
length  btriog  consumed  in  a  single  flash,  it  is  crident  that  its  combu^ 
lion  innft  be  rapid.     But  front  other  experiments  it  is  plain  that  thia 
force  il  reslrainrd  to  a  narrow  limit,  both  because  the  block  of  wood 
char^Ml  with  the  mercurial  ponder  was  more  shattered  Uian  that 
diargrdxilhlhe^unpowder,  whilst  (be  sknd  surrounding  it  was  least 
di^urbed,  and  likeHise  because  the  glass  globe  wilhslood  (he  explo. 
tion  of  ten  j^nins  of  the  powder  fi«cil  in  its  centre ;  n  charge  I  had 
found  sufBcienl  to  destroy  old  ph\u\  barn-Is,  which  were  not 
'Injured  by  beinj  6red  when  full  of  ilic  liest  gunpowder.     It  also 
l^pean  fraoi  the  last  experiment,  that  ten  grains  of  the  powder 
'produced  by  ignition  four  cubical  inches  onl;  of  arr;  audit  is  not 
supposed  that  the  generation,  however  rapid,  of  four  cubical 
'tacbei  of  air,  will  alone  account  for  the  deicribed  force ;  neither 
itn  it  be  accounted  for  by  tht  formation  of  a  little  water,  which, 
»  will  hereafter  be  shewn,  happens  at  the  same  moment ;  the 
[vanlily  formed  fri>m  ttn  grains  must  be  so  trifling,  that  I  cannot 
scribe  much  force  to  the  expansion  of  its  vapour.     The  sudden 
■poralion  of  a  pari  of  the  mercury  seems  to  me  a  principal  cause 
tf  this  immense  yet  llmili-d  force;  because  its  limitation  may  Uien 
fsplaiued,  as  it  a  well  known  that  mercury  easily  parts  with  ca- 
■ic,   and   requires  a   temperature  of  600"  of   Fahrenheit,   to  he 
maintained  in  the  TSporous  slate.      That  the  mercury  is  really  con. 
terird  into  rapour,  by  ignition  of  the  powder,  may  be  inferred 
ttotn  the  thin  coat  of  divided  quicksilver,  which,  after  the  explo- 
on  in  Ibe  glass  ^lobe,  covered  its  interior  surface;  and  likewise 
Dm  the  quicksilver  wiih  which  a  tallow  candle,  or  a  piece  of  gold, 
ay  be  evenly  coated,  by  being  held  at  a  small  distance  from  the 
iBamcd  powder.     These  facts  certainty  render  it  more  than  pro- 
bable, althungh  they  do  not  di-mon^trale  that  the  mercury  is  toI:i. 
iied;  because  it  is  not  unlikely  that  many  mercurial  particles 
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are  mechinicalljr  impelled  against  the  sarface  of  the  glass,  the  gold| 
and  the  tallow. 

<*  As  to  the  force  of  the  dilated  mercarj,  M.  Beaami  relates  a 
remarkable  instance  of  it,  as  follows : 

^^  Un  alchymiste  se  presenta  4  Mr.  Geoffroj,  et  I'assura  qu'il 
avoit  troQT^  le  moyen  de  fixer  le  mercnre  par  une  operation  fort 
simple.  II  fit  constmire  six  bottes  rondes  en  fer  fort  £pais,  quien- 
troient  les  unes  dans  les  antres  ;  la  derni&re  etoit  assajettie  par 
deux  cercles  de  fer  qui  se  croisolent  en  angles  droits.  On  aroit 
mis  qnelqnes  livres  de  mercnre  dins  la  capacite  de  la  premiere ;  on 
mit  cet  appareil  dans  un  foumean  assez  rempli  de  charbon  pour 
faire  rougir  i  blanc  les  bottes  de  fer ;  mais,  lorsque  la  chalenr  ent 
p^n^tr^  suffisamment  le  mercure,  les  bottes  creT^rent,  ayec  une 
telle  explosion  quMl  se  fit  un  brnit  (pouyantable ;  des  morceaux  de 
bottes  furent  lancis  avec  tant  de  rapiditi  quMl  y  en  eut  qui  pass^« 
rent  au  traTers  de  deux  planchers ;  d'autres  firent  snr  la  muraOIe 
des  efTets  semblables  a  ceux  des  eclats  de  bombes*." 

I 

<^  Had  the  alchemist  proposed  to  fix  water  bj  the  same  appi. 
ratus,  the  nest  of  boxes  must,  I  suppose,  haye  likewise  been  rup- 
tured ;  jet  it  does  not  follow  that  the  explosion  would  hare  been 
80  tremendous ;  indeed,  it  b  probable  that  it  would  not,  for  if  (as 
Mr.  Kirwan  remarked  to  me)  substances  which  haye  the  greatest 
specific  grayity  hare  likewise  the  greatest  attraction  of  cohesion, 
the  supposition  that  the  yapour  of  water,  would  agree  with  a  posi. 
tion  of  Sir  Isaac  Newton,  that  those  particles  recede  from  one 
another  with  the  greatest  force,  and  are  most  difficultly  brought  to- 
gether,  which  upon  contact  cohere  most  strongly. 

'^  Before  I  attempt  to  inyestigate  the  constituent  principles  of 
this  powder,  it  will  be  proper  to  describe  the  process  and  manipu- 
lations which,  from  frequent  trials,  seem  to  be  best  calculated  to 
produce  it.  One  hundred  grains,  or  a  greater  proportional  quan- 
tity of  quicksilyer,  (not  exceeding  500  grains),  are  to  be  dlssolyed, 
with  heat,  b  a  measured  ounce  and  a  half  of  nitric  add.  This  soIa> 
tion  being  poured  cold  upon  two  measured  ounces  of  alcohol,  preri- 
ously  introduced  into  any  conyenient  glass  vessel,  a  moderate  heat 
is  to  be  applied  until  an  eiferyescence  is  excited.  A  white  fume  then 
begins  to  undulate  on  the  surface  of  the  liquor ;  and  the  powder 
will  be  gradually  precipitated,  upon  the  cessation  of  action  and  re* 


•  Chymte  Bzpdriaeatale  et  IUisooo6,  torn.  U.  p.  503. 
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■ctbMi.  Tlw  pnafUMf  »  la  b«  ii 
well  wubad  vitk  ditiilW  «u«r,  ud  tUffoUf  dncj  n  ft  imtm^t  J 
nucli  •■c«ediag  llul  of  a  iiucr*tm|jt.  Tbe  in 
of  IV  pow  drr  ii  aMteriil,  becasM  ii  «•  li«bk  to  iW  1 1  ii  liwi  «(  ai. 
itricacid;  ud,  wUbt  uy  of  tku  acid  wUens  lo  it,  i 
Iflct  la  Uw  iatarac*  of  lifkL  Ijtt  it  *l*o  hcomioaaly  rfnwfcue^ 
>A>t  tlw  apTcnrial  solation  is  to  t>»  punred  upon  tbe  aJco^uL 
^  **  1  h«Tr  recoonnpiulMl  qnickMlvrT  Co  be  osed  iu  prt-fpKn. 
M  a'yd,  becBDie  it  seems  Ui  answei'  vqnally,  and  ti  ksi  eip«iii 
■Ifarrwiie,  not  oul^  lite  pure  red  aijrd,  but  the  ird  nitroiii  osidC| 
llDd  luti>pth.  tn»y  be  sobtlilutcd  ;  ncithrr  do«9  it  H^em  eucnlia 
Itttend  l«  the  prpcise  spedfic  gravilj'  of  the  acid,  or  tGe  alcohid. 
fied  ipirit  of  ttitie,  and  the  nitroiu  acid  of  commerce^ 
cr  tailed  with  me,  to  prudnce  a  fulminating  mercury.  It  is  in. 
>4Kd  true,  that  the  powder  [ireparcd  witboat  atleDtion  is  produced 
■  diAi^rent  quantities,  vtrielipa  in  culonr,  and  probably  in  strength, 
^tom  analoicy,  1  am  di>ipo<vd  (o  ttijnk  the  whitest  h  the  strongest ; 
ftr  il  ia  well  ktnown  that  ttie  block  precipiiali'!.  of  mercury  ap> 
it^ach  neareit  to  die  metallic  ftale.  The  ramiion  id  quantity  is 
itnirkable:  (henittllesl  tiuanlity  1  ever  obtained  from  100  grains 
fquicknlver  beioK  190  grains,  and  (he  largest  132  grains.  Miicli 
Mtpends  on  f#ry  minute  circumstances.  The  greatest  product 
■ins  to  be  obtained  when  a  vessel  is  used  which  condenses  and 
IMS  most  ether  to  return  into  the  mother  liqnor ;  besides  which» 
it  to  be  had  in  applying  the  requisite  heat,  that  a  speedy  and 
'ifeot  a  rlatent  action  be  effected.  One  hundred  grains  of  an  oaids 
■«R  not  so  productive  as  100  grains  of  quicksilier. 

"  As  to  tb«  colour,  it  seems  to  incline  to  black  when  the  action 
•fthe  acid  of  the  alcohol  is  most  violent,  and  vice  vena. 
•  **  I  nwd  not  obserte,  that  the  gasses  which  were  generated  dur. 
%g  tlte  conbuitlon  of  the  powder  in  the  glass  globe,  were  necea. 
Wily  ntxMl  with  atmospheric  air  ;  the  facility  with  whicli  tha 
^*«ctric  fl«id  pasiei  through  a  vatnum,  made  such  a  mixture  un. 
liroidMble. 

"  The  cubical  inch  of  gass  receiTcd  orer  water  wa*  not  readily 
■•bsorbed  by  it;  and,  as  it  soon  Mlinguished  a  taper  without  be. 
toming  t*A,  or  b«ing  itself  inflamed,  baryles  water  was  let  up  to 
the  Oirea  cubical  inches  leceised  oter  mercury,  when  a  ctrbonat* 
of  barytcawaa  immediately  precipitated. 

The  retUm  ot  Mreral  eiplosiom,  after  tbe  cartwnie  acid  hsd 
vou  TI.  » 
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been  separated,  wis  found,  by  the  test  of  nitroas  gass,  to  conlate 
nitrogen  or  aiotic  gas ;  which  does  not  proceed  from  anjr  deoonpo* 
sition  of  atmospheric  air,  l>ecaase  the  powder  may  be  made  to  ex* 
plode  under  the  eihansted  receifer  of  an  air.pnmp.  It  it  thertb 
fore  manifest  tliat  tlie  gasses  generated  daring  the  combottion  of 
the  fulminating  mercury,  consist  of  carbonic  acid  and  nitrogett 
gasses, 

**  The  principal  re.  agents  which  decompose  the  mercurial  pow. 
der  are  the  nitric,  the  sulphuric,  and  the  muriatic  acids.  The  iiitrie 
changes  the  whole  into  nitrous  gass,  carbonic  acid  gass,  acetoM 
acid,  and  nitrate  of  mercury.  I  resolyed  it  into  these  diflbfcat 
principles,  by  distilling  it  pneumatically  with  nitric  add:  fUs 
acid  upon  tlie  application  of  heat  soon  dIssolTed  the  powder,  and 
extricated  a  quantity  of  gass,  which  was  found,  by  well^knowa 
tests,  to  be  nitrous  gass  mixed  with  carbonic  acid  gasi.  TIm  dif* 
tillation  was  carried  on  until  gass  no  longer  caao  oivr*  Tim 
liquor  of  the  retort  was  then  mixed  with  the  liquor  odllectttd  h 
the  receifer,  and  the  whole  saturated  with  potass  ;  wMdi  precipi- 
tated the  mercury  into  a  yeilowbh  brown  powder,  aearly  ■■  It 
would  haTe  done  from  a  solution  of  nitrate  of  mercury.  This  pfa« 
cipltate  was  separated  by  a  filter,  and  the  filtrated  liqaor  erapo* 
rated  to  a  dry  salt,  which  was  washed  with  alcohol.  A  portion  af 
the  salt  being  refused  by  this  menstruum,  it  was  separated  bj  fi> 
tration,  and  recognized,  by  all  its  properties,  to  be  nitrsto  «f 
potass.  The  alcohol  liquor  was  likewise  eraporated  to  a  dry  sait^ 
which  upon  the  effusion  of  a  little  concentrate  tnlpiraric  add, 
emitted  acetous  add,  contaminated  with  a  feeble  smeli  of  oitreas 
add,  owing  to  the  solubility  of  a  small  portion  of  the  nitre  ia  the 
alcohol. 

<<  The  sulphuric  add  acts  upon  the  powder  in  a  remarkable  man* 
ner^  as  has  already  been  noticed.  A  rery  concentrate  add  piO- 
duced  an  explosion  nearly  at  the  instant  of  contact,  on  aecovnt,  I 
presume,  of  the  sodden  and  copious  disengagement  of  caloric  ftOA 
a  portion  of  powder  which  is  decomposed  by  the  acid.  An  add 
somewhat  less  concentrate  likewise  extricates  a  condderahie  qnaa* 
tity  of  cdoric,  with  a  good  deal  of  gass ;  but  as  it  effects  a  ooaa^ 
plete  decomposition,  it  causes  no  explosion.  An  add  dilated  wllk 
an  equal  quantity  of  water,  by  the  dd  of  a  littie  heat,  teparatea  the 
gass  so  much  less  rapidly,  that  it  may  with  safety  be  collected  In  a 
pneumatic  apparatos.    But,  whateter  be  the  dendty  of  Ae  mM, 
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(proiidrd  no  explniion  be  proJured),  ther^  remains  in  the  suL 
pliuric  liquor,  after  (he  stpiratiun  of  the  cm,  a  nhite  uniaflacDa 
mable  and  uncrjrtlaltized  powder  mixed  with  some  miuute  globules 
of  qoicksilTrr. 

"  To  estimate  the  quantity, and  obserTe  the  nature,  of  this  nnia- 
BanimabU  labstance,   I  trealed  100  gtains  of  (he  fulminatinj;  mer. 
CUT/  with   (ulpbaric   acid  a  little   diluted.     The  gas^  beinjE;   sepa- 
lied,    1    decsDted   off  the  liquor   as   it  becanie   clear,  and  freed 
he  insolable   powder   from    acid   by   edulcoratioR   with   distillt'd 
ni*r;  afler  which  1  driM  i(,  and  fooiid  it  wighi-d  only  eighty- 
Mr  gmos;   coDSpquently  bad   lost   si  i  teen-grains   of  iu   original 
I  iWcight.     Saspecting,  from  the  operation  of  (be  nitric  acid  in  (he 
[^  fctmer  experiment,   (hat  these  eighty-four  grains  (uith  the  excep. 
I   of  the  qnickkilver  globules)  were  oxalate  of  mercury,   I  dl- 
II  nitrate  of  lime  and  fuund  my  suspicion  just.     The 
ercary  of  the  oxalate  united  to  (he   nitric  acid,  and  the  oxalic 
1   to   the   lime.     A   new   insoluble   compound  \ns   formed;   it 
ighed,  when  washed  and  ilry,  48.5  grains.     Carbonate  of  potass 
rated  the  lime,  and  formed  vxaUtt-  of  potass,  capable  of  preci. 
linj  lime-wateraod  muriat-of   lime;   although  it  had  been  de- 
■rated  from  excess  of  alkali,  and  from  carbonate  acid,  by  a  pre- 
Isns  addiiioo  of  acetous  acid.     That  (he  mercury  of  the  oxalate 
I  tiie  eightyjoor  grains  had  united  to  the  nitric  acid  of  (he  ni- 
of  lime  was  proted,  by  dropping  muriatic  acid  into  liquor 
which  (he  substance  demonstrated  to  be  oxalate  of  lime  had' 
nrated;    U»   a  copious  precipitation  of  calomel  instantly  eu- 
~  Red. 

'*  The  lulphuric  liquor,  decanted  from  (he  oxalate  of  inereary, 
was  now  added  to  that  with  which  it  was  edulcorated,  and  Ihe 
'bole  Mifnraled  wi(h  carbonate  of  putnss.  .^s  elferiescence  ceased, 
I cloudineM  and  precipitation  followed;  and  the  precipitate  being 
collected,  washed  and  dri<-d,  weighed  3.4  strains  -.  it  appeared  (o  be 
I  carbonate  of  mercnry.  Upon  eTaporailng  ■  portion  of  the  sa* 
torated  snlphnric  liquor,  1  found  nothing  but  sulphate  of  potass : 
nor  bad  it  any  metallic  (asle.  There  then  remains,  without  allow, 
iag  for  (he  weight  of  the  carbonic  onited  to  the  3.4  grain;*,  a  deficit 
from  the  100  grains  of  mercurial  pouder  of  H.6  grains,  which  I 
aacribe  to  the  gass  separated  by  the  action  of  the  sulphuric  acid. 
.To  AiorttiD  thm  quvitity,  and  examine  the  nature  of  the  gass  lo 
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leparated,  I  introduced  into  a  Terj  smaTI  tubulated  retort  Cftj 
grains  of  the  mercurial  powder,  and  poured  upon  it  three  drRchmfl, 
bj  measure,  of  sulphuric  acid,  with  the  assistance  of  a  genfio 
heat.  I  first  received  it  orer  quicksilrer ;  the  surface  of  whid^i 
during  the  operation,  partially  corered  itself  with  a  little  black 
powder. 

<(  The  gass,  by  different  trials,  amounted  to  from  twenty-eight 
to  thirty*one  cubical  inches :  it  first  appeared  to  be  nothiDg  bvt 
carbonic  acid,  as  it  precipitated  barytes  water,  and  eatingaished  a 
taper,  without  being  Itself  inflamed,  or  becoming  red.  But  opoo 
letting  up  to  it  liquid  caustic  ammonia,  there  Was  a  residne  of  from 
fire  to  seTen  Inches,  of  a  peculiar  Inflammable  gasa,  Which  Imnt 
with  a  greenish-blue  llaoie.  When  I  made  use  of  the  water-tabi 
I  obtained,  from  the  same  materials,  from  twenty-flre  to  iweBtfm 
aeyen  inches  only  of  gass,  although  the  arerage  qutntitj  of  tke 
peculiar  inflammable  gass  was  likewise  from  fire  to  le^^an  incket: 
therefore,  the  diflerence  of  the  aggregate  product,  oter  the  twe 
fluids,  must  hare  arisen  from  the  absorption,  by  the  water,  of  t 
part  of  the  carbonic  acid  in  its  nascent  state.  The  Vaiiatioli  ef 
the  quantity  of  the  inflammable  gass^  when  powder  frem  the  mom 
parcel  is  used,  seems  to  depend  upon  Che  acid  being  a  littie  noit 
or  less  dilute. 

<^  With  respect  to  the  nature  of  the  peoolkr  Inflatanuiblofais, 
it  is  plain  to  me,  from  the  reasons  I  shall  immedfotely  addooe,  Wt 
it  is  no  other  than  the  gass  (In  a  pure  state)  into  wMtii  ttto  ultrcAs 
etherized  gass  can  be  resolred,  1^  treatment  with  dflnte  etfphnic 
acid. 

<<  The  Dutch  chenlivts  hate  shewn,  that  the  nitnmetfieriiedgasi 
can  be  resoWed  into  nitrous  gass,  hy  expevure  to  eoneenlMle'ioU 
phuric  acid ;  and  that,  by  ilsing  a  dilote  insMad  6f  m  eolicedtMIe 
acid,  a  galis  is  obtained  which  enlarges  the  flane  of  m  luftftig 
taper,  so  much  like  the  gasseous  oxide  of -aiote,-tliat  ttiej  MiMk 
tt  for  that  subBtance,  until  fli^  discotered  that  it  was  pisrtfiMit 
oter  water ;  refused  to  detonate  with  hydrogen ;  Mid  thftt  ttt 
fallaciotts  appearance  was  owing  to  a  ikiizture  of  mtroni  gin  Wi& 
inflammable  gass. 

<*  The  inflammable  gass,  separated  fH>m  the  (idwder,  aniwM 
€o  the  description  of  the  gass  whidi  at  first  deceifed  ttie  DolA 
^eihbts:  m,  in  being  penmmentoTer  water  |  MBy^  ntMngio 
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dttonate  with  bydragen  ;  lad  3d];,  hsTing  Uie  appearsace  ot  Um 
tpss«<Hit  oiide  of  uote,  when  mixed  with  nilroos  gi5s. 

'  Tbe  fjUi  leparable  by  the  ume  acid,  from  aiiraus  etherized 
.g*u,  and  from  the  mercurial  punder,  hate  therefore  Ibe  same 
roperties.     Krery  cbembt  would  tlieoce  conclude,  tbat  the  tu. 
IS  etherized  gass  is  a  con«lilu«iit  part  of  the  powder;  lod  th^ 
iDllammable  and  nitrous  gass,  instead  of  the  iDfiamroable  and  car. 
Miic  acid  ^9,  had  been  the  mixed  product  extricated  from  it  by 
lute  aulphnric  arid. 

*'  It  however  appears  to  me,  that  nitrous  gass  was  really  pri9!> 
i  by  the  action  of  the  diluie  xulpburic  acid:  and  that,  when 
iduced,  it  untied  to  an  «zccm  of  oxygen,  present  iq  the  oxaiata 
i  mctcory. 

"  To  explain  how  this  change  might  happen,  I  must  premise, 
h«t  my  experiments  have  shewn  ne,  that  oxalate  of  mercury  can 
l^(t  in  two,  if  not  in  three  states.  Ist.  By  the  discoiery  of  Mr. 
^eijttn,  the  precipitate  obtained  by  oxalic  acid,  from  nitrate  of 
larcary,  futes  with  a  hUsing  noise,  Thu  precipitate  is  an  oxalate 
i  mercury,  Btemingly  with  excels  of  oxygen.  Mercory  dUjoWe^ 
B  Eolphoric  acid,  and  precipitated  by  oxalic  acid,  and  also  tbe  ' 
fare  red  oxide  of  oieicury.  digested  with  oxalic  acid,  gire  oiaJatei 
I  the  nme  slate.  3dly.  Acetate  of  mercury,  precipitated  by 
jnalic  acid,  a]lbout;h  a  true  oxalate  is  formed,  hai  no  hind  of 
kiflammability.  I  conitder  it  as  an  uxalate,  uith  letb  oiygua  thap 
tboae  a bofe- mentioned.  Sdty.  A  solution  of  nitrnte  of  mercury, 
boiled  with  dnlcified  spirit  of  nitre,  giies  an  oiolale  mare  inftan^. 
Aable  than  any  other ;  perhaps  it  contains  most  oxygen. 

k*'  Tbe  oxalate  of  mercury,  remaining  from  the  powder  in  (be 
Ipbntic  liijuor,  is  not  only  always  in  the  same  stale  as  that  precU 
isted  from  acetate  of  mercury,  entirely  devoid  of  iuUammabilily, 
bat  contains  globules  of  qnicksiUer,  consequently  il  must  have 
patted  with  even  more  than  its  ^xc^ss  of  oxygen ;  a"d  >f  nitrous 
gws  «M  prceent,  it  would  of  course  seize  at  least  a  portion  pf 
thatoxy^ea.  J(  is  true,  that  globules  of  quicksilver  may  aeem 
incoaipaliblc  «tlh  nitrous  acid ;  but  tbe  quantity  of  the  one  may 
JlOt  carreipniid  with  tjiat  of  the  other,  or  the  dilution  of  the  acid 
ny  destroy  its  action. 
'  As  to  (be  presence  of  the  carbonic  acid,  it  must  have  arisen 
:r  from  a  complete  decomposition  of  a  part  of  tbe  oxalate,  or 
g  tike  nitrew  etherized  guss  to  Ije  a  comlititeJit  principle  ft 
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the  powder,  from  a  portion  of  the  oxygen,  not  taken  up  bj  tlie 
nitrous  gass,  being  united  with  the  carbon  of  the  etherized  gass. 

^'  The  muriatic  acid,  digested  with  the  mercurial  powder^  dia* 
tolres  a  portion  of  it,  without  extricating  any  notable  quantity  of 
gass.  The  dissolution,  evaporated  to  a  dry  salt,  tastes  like  tht 
corrosiTo  sublimate ;  and  the  portion  which  the  acid  does  not  taka 
up  is  left  in  a  state  of  an  inflammable  oxalafe. 

*<  These  effects  all  tend  to  establish  the  existence  of  the  nitrow 
etherised  gass,  as  a  constituent  part  of  the  powder;  and  likewfie 
corroborate  the  explanation  I  hare  ventured  to  give  of  the  action 
of  the  sulphuric  acid.  Moreover,  a  measured  ounce  and  m  half 
of  nitrous  acid,  holding  100  grains  of  mercury  in  solution,  and 
two  measured  ounces  of  alcohol,  yield  ninety  cubical  inches  only 
of  gass :  whereas,  without  the  intervention  of  mercury,  they  yield 
210  Inches.  Upon  the  whole,  I  trust  it  will  be  thought  reatonabia 
to  conclude,  that  the  mercurial  powder  is  composed  of  the  nitroM 
etherised  gass,  and  of  oxalate  of  mercury  with  excess  of  oxygen. 
1st.  Because  the  nitric  converts  the  mercurial  powder  entirely  into 
nitrous  gass,  carbonic  acid  gass,  acetous  acid,  and  nitrate  of  mer» 
cury.  2dly.  Because  the  dilute  sulphuric  acid  revolves  it  into  an 
uninflammable  oxalate  of  mercury,  and  sepR rates  from  it  a  gass  re- 
sembling that  into  which  the  same  acid  resolves  the  nitrons  etherised 
gass.  3dly.  Because  an  uninflammable  oxalate  is  likewise  left, 
after  the  muriatic  acid  has  converted  a  part  of  it  into  sublimate. 
4thly.  Because  it  cannot  be  formed  by  boiling  nitrate  of  flsercory, 
in  dulcified  spirits  of  nitre ;  although  a  very  inflammable  oxalate  is 
by  this  means  produced.  5thly.  Because  the  diflPerence  of  the  prOb 
duct  of  gass,  from  the  same  measures  of  alcohol  and  nitrons  acid, 
with  and  without  mercury  in  solution,  is  not  trifling ;  and  Othly. 
Because  nitrogen  gass  was  generated  during  its  combustion  fai  ^ 
glass  globe. 

<<  Should  my  conclusions  be  thought  warranted  by  the  renaons 
I  have  adduced,  the  theory  of  the  combustion  of  tbe  mercurial 
powder  will  be  obvious  to  every  chemist.  The  hydrogen  of  the 
oxalic  acid,  and  of  the  etherised  gas8«  is  first  united  to  the  oxygen 
of  the  oxalate,  forming  water ;  the  carbon  is  saturated  witli  oKfm 
gen,  forming  carbonic  acid  gass ;  and  a  part,  if  not  the  whole  of 
the  nitrogen  of  the  etherised  gass,  is  separated  in  the  state  of 
nitrogen  gass ;  both  which  last  gasses,  it  may  be  recollected,  were 
after  the  exploalon  preatnt  in  the  glass  globe.    The  OMreiirj  la 
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rF*if«d,  and,  I  presume,  thrown  into  vipour,  ■■  isMy  well  be 
iBi>(!m«d,  from  (be  immenae  quaDlilf  of  caloric  sxtricateil,  by 
addioj;  conceairate  mlphuric  acid  lo  (he  mercorinl  ponder. 

"  1  wrlJ  not  Tputure  to  &tate,  with  accutacjr,  in  wk»l  propor- 
lions  it!  constituent  principles  are  combined.  The  affinilie*  I 
hare  brought  into  play  are  complicated,  and  the  conslilution  of  tba 
labstancei  I  bare  to  dral  with  not  fully  known.  But  to  make 
roDnd  ntiinbers,  1  nill  resumit  ibe  statement,  that  100  graiaa  of 
Ibe  mercurial  powder  lost  sixteen  grains  of  it*  original  weight,  by 
treatment  with  dilate  tutphuric  acid:  eighly-foor  graias  of  the 
BFrcnrial  oxalate,  mixed  wtih  a  few  minnte  globules  of  quick- 
lilrer,  remained  ondissolved  In  the  acid.  The  sulphuric  liquor 
«u  uturated  with  carbonic  of  potash,  and  yielded  3,4  grains  of 
carbonate  of  mercury.  If  1.4  grains  shoold  be  (bought  a  proper 
allawwice  for  tbe  weight  of  carbonic  acid  in  (he  3.4  graioi,  I  will 
Diake  Ihil  deduction,  and  add  the  remaining  two  grains  to  tbe 
tighty.four  giains  of  mercarial  oxalate  and  quicksilver;  I  aball 
(ben  haie. 


Of  oxalate  and  mercury 
And  a  deficit,  to  be  ascribed  In  the  nitrooi 
etherised  gt»,  and  excen  of  oxygen 


86  graiai. 


100 
"  It  naj  perhaps  be  proper  to  proceed  t(ill  further,  and 
ncur  to  (he  4S.fi  grains,  sepnrated  by  nitrate  of  lime  from  the 
tighty.foor  grains  of  mercurial  oxalate,  and  globules  of  quIckaiUer. 
Tbrsp  48.5  grains  were  proved  to  be  oxalate  of  llmei  but  tbejr 
contained  a  minute  inseparable  quantity  of  mercury,  almost  iu  the 
itate  of  qnicksilver,  formerly  part  of  the  cighly-lour  grains  from 
which  (bey  were  separated.  JIad  the  48.6  grains  been  pure  cal- 
careous oxalate,  tbe  quantity  of  pure  oxalic  acid  in  them  nould, 
iccording  to  Bergmann,  be  23,2S  grains.  Hence,  by  omiKing 
the  two  gi>toi  of  mercury,  in  the  3.4  grains  of  carbonate,  100 
(rain a  of  the  mercurial  powder  might  hare  been  said  to  contain, 
of  pure  oxalic  a  id,  23.48  grains ;  of  mercury  fi?.72  grains ;  and 
•f  nitrons  etherized  gass,  and  exceSB  of  oxygen,  fourteen  grains. 
But  a*  Ibe  48.5  fraiug  were  not  pure  oxalate,  inasmuch  as  Ibey 
contained  the  mercury  they  recei»ed  from  the  eighty.four  graiof, 
from  which  they  were  generated  by  the  nitrale  of  lime,  some 
illowaK*  nuit  be  made  for  the  mercury,  successirely  intermixed 
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with  the  eighty^foor  grains,  and  the  48.5  grains.  In  order  to 
make  eorresponding  numbers,  and  allow  for  nnaToidable  errorii  I 
shall  estimate  the  qaantity  of  that  mercury  to  have  amoonted  to 
two  grains,  which  I  must  of  course  deduct  from  the  93.28  grains 
of  oxalic  acid.     I  shall  then  haye  the  following  statement : 

That  100  grains  of  fulminating  mercurj 

ought  to  contain,  of  pore  oxalic  acid^     21.28  grains. 
Of  mercury,  formerly  united  to 

the  oxalic  acid,  .  60.72 

Of  mercury,  dissotred  in  the  sul. 

phuric  liquor,  •  2 

And  of  mercury  left  in  the  sul. 

phuric  liquor,  after  the  sepa. 

ration  of  the  gasses^        -  2 

Total  of  mercury,  64.72 

Of  nitrous  etherized  gass,  and  excess  of 

oxygen,  -  •  •  14 

100 

*^  Since  100  grains  of  the  powder  seem  to  contain  64.72  grains 
of  mercury,  it  will  be  immrdiately  enquired,  what  becomes  of  100 
grains  of  quicksiWer,  when  treated  as  directed,  in  the  description 
of  the  process  for  preparing  the  fulminating  mercury* 

'^  It  has  been  stated,  that  100  grains  of  quicksilver  prodoct^ 
under  different  circumstances,  from  120  to  132  grains  of  raerou 
rial  powder ;   and,  if  100  grains  of  this  powder  contain  64.78 
grains,  120  grains,  or  132  grains,  must,  by  parity  of  rwwming, 
contain  78.06  grains,  or  85.47  grains;  therefore   13.54  grains, 
or  20.75  grains,  more  of  the  100  grains  are   immediately  MU 
counted  for;  because  63.72  grains  +  13.34  grains ::=7$.06,  aad 
64.72  grains  +  20.75  grains  =  85.47  gtains.     The  remaining  d»k 
ficiency  of  21.04  grains,  or  14.53  grains,  which,  witk  the  78.06 
grains,  or  85.47  grains,  would  complete  the  ori^^inal  100  of  qnick* 
silver,  remains  partly  in  the  liquor  from  which  the  powder  it  sefAu 
rated,  and  is  partly  volatilised  in  the  white  dense  fumes,  wJiich  In 
the  beginning  of  this  paper  I  compared  to  the  liqaor  AinMtns  cf 
Libavius.     Tlie  mercury  cannot,  in  either  instance,  be  obtained 
in  a  form  immediately  indicative  of  its  quantity ;.  and  a  aeriei  eC 
experiments^  to  -etoeftain  the  q[«antitiee  ia  which  aumj  diffsrent 
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■ubstancn  no  conbtne  «iik  mmmtj,  b  •■(  ay^  f«M>M  al| 
Aller  obferviog  that  the  meranj  it&'mt^  nti^m^  t^mt 
be  pndpiutcil  in  a  vetj  robtW  dark  pmdcr,  by  a>taii^  ml 
uh.  1  ikall  ouo(e«t  myteb  «itk«znH>a(IWHtncartto« 

finnei. 

*'  It  b  clrar  Uh(  these  wbilr  fitae*  mbUoi  ■ercary  :  ter 
be  vh«llf   coodetiMd  in  m  r«n^  of  W*llc^  t^puwt^   €tm 

wilh  «  Mtal'oo  of  munali  of  anBoob.  WW»  iW  Dpmnti 
»f«T,  a  irbil<-  pow^vr  h  wen  loj'ing  with  ethrr  a*  tW  h 
liquor,  which,  if  tlir  boHIn  are  aginied,  »  aatirrfj  doMl 
Afler  thF  miltanr  ha-  brrn  boiM,  or  br  M>«r  lime  rapMB 
lh»  itiDCMpi>v(u,  it  lieldi  la  raa-tir  awonii  «  preopiaar,  ia^J 
resptcu  tiiDilat  to  (bat  wfaich  is  nparvttd  by  a 
from  miriX'iTF  sablimat^, 

"  f  wuuM  inff r  h' -i:!  tb^M  trnrt!,  thftt  (be  wkrtr  '  iiri  U^m  I 
miuiit  ol  mcrcarj-.  or   perkapt  vnde  of  memtry,  niaMd  la  fls  1 
■itroBt  MberiXHl  gass  ;  and  tbat,  whaw  Ibc  vmtiatp  af  ■ 
contajning  tliem  is  exposed   to  the-  atmoipbtie,  or  a  boil 
ga»  acpaiatet  fiooi  the  mercury,  and  Ibe  «ic«U  af  ailni 
which  alwafs  coates  oter  with  oilrovs  ethn-,  decaapoMa  i 
moniacal    noriale  of  luMimatP,  and   forvi   carranrc  weitailft  g 
DDriate  or  loMimaiP.     Tliii  iheorp  i>  corroboratad  br  O 
in^  tba  quantity  of  gass  estimated    to  bf  contain'^  in   tbe 
naliiiK   mercury  with   ih?  qnantii's  of  ^s  yielded  front  atcahdl 
and   nitrons  acid,  with  and  Hiihoiit  mTcary  in  solation  :   aot  tb  j 
ncntioa  that  nore  ctW,  at  well  at  mare  gass,  is  prodoced  wttb. 
•ul  tbr  tnterreniioa  of  mtmiry ;   and  thai,  according  («  the  DatA 
chembts,  the  prodoci  of  etlier  is  always  in  the  inferse  ratio  to  ti 
ymlnct  of  iiiiroDS  Elherizpd  ga!^      Should   a  further  proof  bs   ' 
tboajht  aec^ffiary  to  the  ^Msteiicc  of  the  iiilrous  ethericed  gass,  I 
til*  fulnhuting  aurcury,  ai  Wfll  as  in  the  white  dense  fumes,  ft    j 
■*7  be  addad,  that  if  a  mixlurp  of  alcohol  and  nitrous  aril,  hold- 
ing Bsroiiy  In  solution,   tie  *o  dilate,  and  expowd  of  a  t>'in|ieTm>  I 
lure  wlow,  that  tteither  ether  nor  nitrous  ptherixcd  gass  aro  pra*  J 
dnccd,  the  fulminating  mercor}'-  ■*''  ""^  white  fames,   will  neTW  I 
be  generated;  for,  under  such  circum*taucps,  the  mercury  is  pt^V 
dpitated  chiefly  in  the  state  of  an  inUammable  oxalate.     Further,  i 
whan  we  consider  the  d)tl<-rcnt  wbstanccs  furmed  by  an  uu\o 
akraoa  acid  and  &lcoh<il,  w<.'  are  so  far  uctjuainted  with  all,  except  I 
tb«  eiber  and  the  nilroua  elberizt^d  ga^s,  aii  lo  crtiale  a  presump-  1 
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tion,  that  no  otbers  are  capable  of  ToUtilizing  mercurj,  at  tlw 
yery  low  temperature  in  which  the  white  fumes  exist ;  since,  dnr* 
log  some  minutes,  they  are  permanent  over  water  40°  Fahrenheit* 
^^  Hitherto,  as  much  only  has  been  said  of  the  gass  which  is 
separated  from  the  mercurial  powder,  by  dilute  sulphuric  acid,  as 
was  necessary  to  identify  it  with  that  into  which  the  same  add  can 
resoWe  the  nitrous  etherized  gass  :  I  have  farther  to  speak  of  its 
peculiarity. 

^^  The  characteristic  properties  of  the  inflammable  gass  seem  to 
me  to  be  the  following :  .1st.  It  does  not  diminish  in  volume,  eitlier 
with  oxygen  or  nitrous  gass.  2dly.  It  will  not  exploda  with  oxj. 
gen,  by  the  electric  shock,  In  a  close  vessel.  3dly.  It  burns  lika 
hydrocarbonate,  but  with  a  blueish-green  flame :  and  4thly,  It  is 
permanent  over  water. 

<<  It  Is  of  course  either  not  formed,  or  is  convertible  into 
nitrous  gass  by  the  concentrate  nitric  and  muriatic  acids ;  becanse^ 
by  those  acids,  no  inflammable  gass  was  extricated  from  tbe 
powder. 

<<  Should  this  inflammable  gass  prove  not  to  be  hydrocarbonaiC| 
I  shall  be  disposed  to  conclude,  that  it  has  nitrogen  for  its  basis ; 
indeed,  I  am  at  this  moment  Inclined  to  that  opinion,,  becanse  I 
find  that  Dr.  Priestley,  during  his  experiments  on  bis  depklogistL 
gated  nitrous  air,  once  produced  a  gass  which  seems  to  have  re. 
sembled  this  inflammable  gass,  both  in  the  mode  of  bomlog  and  in 
the  colour  of  the  flame. 

*^  After  the  termination  of  the  common  solution  of  Iron,  in 
spirit  of  nitre,  he  used  heat,  and  got,  says  he,  *  such  a  kind  of 
air  as  I  had  brought  nitrous  air  to  be,  by  exposing  It  to  irooy  or 
liver  of  sulphur ;  for,  on  the  first  trial,  a  candle  burned  in  it  with 
a  much  enlarged  flame.  At  bnother  time,  the  application  of  a 
candle  to  air  produced  in  this  manner,  was  attended  with  a  real^ 
though  not  a  loud  explosion  ;  and  immediately  after  this  a  green- 
ish, coloured  flame  descended  from  the  top  to  the  bottom  of  the 
vessel,  in  iihich  the  air  was  contained.  In  the  next  produce  of 
air,  from  the  same  process,  the  flame  descended  blue,  and  vei7 
rapidly,  from  the  top  to  the  bottom  of  the  vessel.* 

*^  Th«'Se  gretrnish  and  blue-coloured  flames,  descending  from  the 
top  to  the  bottom  of  the  vessel,  are  precisely  descriptive  of  the 
inflammable  gass  separated  from  the  powder.    If  it  can  he  pro« 
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;«d  with  c^rUinty,  Iiy  thp  TEp^tilion  or  Dr.  Ptieithy'a  txpen- 
.,  «r  shuuld  it  by  any  meani  he  got  pure  fmin  Ui«  iiitruin 
rtb«riieil  gass,  my  ciiriosiiy  will  eicile  me  lo  make  it  the  objfct  of 
future  ritcarch  ;  otherwiFie,  1  must  confess,  I  shall  fe«l  moTe  dii. 
poied  lu  pro<PCufe  other  chemtcal.  subjects  :  for  having  reason  to 
think,  that  thf  density  of  the  acid  made  a  Tarialion  in  the  product 
of  this  ga>s,  and  having  never  found  that  any  acid,  hove*«r  dense, 
produced  «n  [mmediale  explosion,  I  once  poured  six  drachms  of 
concentrate  acid  upon  fifty  grains  of  the  powder.  An  eiplosion, 
nearlj-  at  the  instant -of  contact,  was  rlTected  :  I  was  woundfd  se< 
vertly,  *nd  moEt  of  oiy  apparatus  destroyed.  A  quantity  more, 
over  of  the  gass  I  had  previously  prepared  was  lost,  by  the  inad. 
Tertency  of  a  person  who  went  into  my  laboratory,  whilst  I  iru 
ronlined  by  the  consequences  of  this  disiouraging  acciden'.  But 
should  any  one  be  desirous  of  giving  the  gass  a  further  examina. 
tion,  I  agoin  repeat,  thai  as  far  as  I  am  enabled  to  jodge,  it  may 
with  safety  be  prepared,  by  pouring  three  drachms  of  sulphuric 
acid,  diluted  with  the  samf  quantily  of  water,  upon  fifty  grains  of 
the  powder,  and  then  applying  the  flame  of  a  candle  uniii  gass 
begins  to  be  exlrinlrd.  The  only  attempt  I  have  made  lo  decom- 
pose it,  was  bjr  exposing  it  to  copper  and  ammonia  j  which,  ditrinj 
several  Wf^ka,   did  uot  eflect  the  least  alteration. 

'^  I  will  DOW  conclude  (continues  Mr.  Howard),  by  observing, 
tbal  the  folmimifing  mercury  seems  to  be  characterised  by  the  fol- 
ifewiog  properties  : 

p  *'  It  taket  6re  at  the  temperature  of  368  Fahrenhf it ;  it  ex. 
flodea  by  friction,  by  flint  and  steel,  and  by  being  thrown  into 
conciitrate  snlphoric  add.  it  is  equally  inflammable  under  the 
nhsDsted  receiver  of  an  air-pump,  as  surrounded  by  atmospheric 
air  ;  and  it  detonates  loudly,  buth  by  the  blow  of  a  hammer,  and 
by  B  atroDf;  electrical  shock. 

<^  Notwithstanding  the  compositions  of  fulminating  silver,  and 
of  fulminating  gold,  differ  essentially  from  that  of  fulminating 
■mcury  ;  all  three  have  similar  qualities.  In  tremendous  effects, 
fflTer  nndoDbtedly  stands  first,  and  gold  perhaps  the  last.  The 
Iferta  of  the  mercurial  powder,  and  of  gunpowdir,  admit  of  little 
BMtpariaon.      The  one  exerts,   within  certain  limits,   an  almost  in. 

iceivmbk  force:  it*  agents  seem  lo  be  gnss  and  caloric,  very 
nddenly  set  at  liberty,  and  both  mercury  and  water  thrown  into 
l^wur.     The  other  displays  a  more  extended,  but  inferior  power  : 
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gass  and  caloric  are,  oomparathrely  speaking,  liberated  by  degreei ; 
and  water,  according  to  count  Rumford,  is  thrown  into  Taponr. 

*^  Hence  it  seems  that  the  fulminating  mercury,  from  the  limi. 
tation  of  its  sphere  of  action,  can  seldom,  if  ever,  be  applied  to 
mining ;  and,  from  the  immensity  of  its  initial  force,  cannot  be 
nsed  in  fire. arms,  unless  in  cases  where  it  becomes  an  olgect  to 
destroy  them ;  and  where  it  Is  the  practice  to  spike  cannon,  it  may 
be  of  service,  because  I  apprehend  it  may  be  used  in  such  a  man^ 
ner  as  to  burst  cannon,  without  dispersing  any  splinters. 

^^  The  inflammation  of  fulminating  mercury,  by  concnsrion, 
offers  nothing  more  novel  or  remarkable  than  the  inflammation,  by 
concussion,  of  many  other  substances.  The  theory  of  such  iaiUm* 
mations  has  been  long  since  exposed  by  the  celebrated  Mr*  Bar» 
thollet,  and  confirmed  by  Messieurs  Fonrcroy  and  Vanqnelint 
yet,  I  must  confess,  I  am  at  a  loss  to  understand  why  a  mall 
quantity  of  mercurial  powder,  made  to  detonate  by  the  Immaer 
or  the  electric  riiock,  should  produce  a  report  so  much  loader  than 
when  it  is  inflamed  by  a  match,  or  by  flint  and  steel.  It  might  at 
first  be  imagined,  that  the  loudness  of  the  report  could  bo  ac» 
counted  for,  by  supposing  the  instant  of  the  inflammation,  tad 
tbet  of  the  powder's  confinement,  between  the  hammer  and  anvil, 
to  be  precisely  the  same ;  but,  when  the  electrical  ahock  is  aeni 
through  or  over  a  few  grains  of  the  powder,  merely  laid  on  ifory^ 
and  a  loud  report  in  consequence,  I  can  form  no  idea  of  what 
causes  such  a  report. 

<^  The  operati<m  by  which  the  powder  is  prepared,  is  perlmpa 
one  of  the  most  beautiful  and  surprising  in  chemistry;  and  it  if 
not  a  little  interesting  to  consider  the  affinities  which  are  Ivoagbt 
into  play.  The  superabundant  nitrous  acid,  of  the  mercurial  sola> 
tion,  must  first  act  on  the  alcohol,  and  generate  ether,  aitram 
etherized  gass,  and  oxalic  acid.  The  mercury  unites  to  tiie  two 
last,  ill  their  nascent  state,  and  relinquishes  fresh  nitrons  acid,  to 
act  upon  unaltered  alcohol.  With  respect  to  the  osalic  aeid,  a 
predisposing  afiioity  seems  exerted  in  favour  of  its  quantity,  as  it  is 
evidently  not  formed  fast  enough  to  retain  all  the  mereury  ;  odur* 
wise,  no  white  fumes  during  a  considerable  period  of  the  operatioa, 
but  fulminating  mercury  alone  will  be  produced. 

^<  Should  any  doubt  still  be  entertained  of  the  eaistoace  of  tlie 
affinities  which  -have  been  called  predisposing  or  ooaspiring,  a 
proof  that  sncii  affiaitios  miUy  exist,  wtU,  I  thiak,  be  affof4od, 
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^  CIMlpartaMC  tbv  qMntity  af  auiic  m 

fruni  %nrn  oi'iiun-s  of  nitrsa*  «cM  ■ 

VHilioa  of  ntfrnry,  and  the  iali  maliiw  «f  vAer  ■ 

bstaacVf  when  iwo  BiM<im«l  a— t«^i  of  dcakal  m  fa 

RlDiion  0f  lO'J  );riio«  at  aickrl,  m  •  ■ 

«r  nilroDi  acid.  Kitle  or  na  pinlyiim  is  |n«dM»d;  y*t,  W  Ab  J 

tdilitlea  of  oiRtk  mrM  to  lb«  nMdaai7  Sqi 

of  ni<:h<-l,  «R^r  >am«  rvpow,  n  d 
aothrr  itlustrafioB;  liO  gruoi  or  evf^icr,  iKmiIiiJ  !■  a  ■ 
tarvil  onnce  »md  »  half  of  Dirrovt  acid,  tad  tiwtrt  vM  aka 
^Idfcd  iM  abont  »4ghl«eB  fniu  at  onkte,  ■MWa^fc  n|»i 
kulat*  waa  |))mifal]]r  gewnted,  by  drappMg  Anlie  aca4  Ml*  tka  I 
fnjdnarj  liqnar.  AbotM  Nrn«y-«ae  gtaras  of  pare  •»&  a^  1 
to  be  prodae»4  fram  th«  mmt  mttttrals,  ■haii  100gioiM«f  I 
•ercntjr  ar«  intrrpOMiJ.  BefidM,  accordisg  to  tke  Daldi  papci^  [ 
tii>(«  Hun  once  rf  ferrcd  Id,  aoeton  octd  b  Hw  priotipol  n  iHim    { 

tbo  preptTXiMMB  of  nitron  elticr.  How  can  wo  csplnn  Ob 
ToTtnatlon  of  m  greater  qmnfitjr  of  nalic  add,  ftum  the  tamm 
materials,  wkh  fbo  bKerreotioa  of  100  grain*  of  mercsfj,  tkaa 
Vitli  (h«  taterreBiion  of  100  gnaas  of  n^per,  otlicrwtM  tkui  by  ' 
1h«  Rotioti  of  coaspiring  aKnlda,  fo  ■lalogein  to  what  we  see  ia 
blher  pbxooaena  of  natare  ? 

"  I  have  attempted,  wJtbont  nteceas,  to  commanicate  folniliial. 

faf  properties,  bf  meam  of  alcobol,  ia  fold,  plsiiaa,  antiinonf, 

tbi,  copper,  iron,  lesd,  tine,  nickH,  binaalb,  cobalt,  irienic,  and 

naBgaaece ;  bot  1  hare  not  )  e(  sofficienU  j  varied  my  txperimentS 

Id    eaiUe   lOe   to   wptalt  wllb  absolute  ctTtainty.     Silver,  wbca 

**eut_T  grains  of  it  were  treated  with  nearly  the  same  proportionB 

tf  nitrons  add  and  alcohol,  as  100  grains  of  mercary,  yielded,  at 

end  of  the  operation,  about  three  grain!  of  a  grey  predpitBte^ 

iibkfa  fnlaihtated  with  extreme  Tiotence.     Mr.  Cruicksbanti  haS 

(be  govdneai  to  repeat  the  experiment :  he  di»olTed  forty  graioK 

•f  silver,  in  two  ounces  of  the  strongest  nitrous  acid,  dilut(!cl  iTilh 

■n  eqaal  quantity  of  water,  snd  obtained  (by  means  of  two  ouacea 

«f  alcohol)  rixiy  grains  of  a  very  trhite  powder,  wljich  fulminated 

'   ;e  the  gr^  precipitate  above  described.     It  probably  combines 

lib  tbi?  same  principles  as  the  mercury,  and  of  course  dilTers  frooi 

Ir.  Bertbollet'B  fulminaling  silver,  before  alluded  to.     I  observe, 

at  a  white  precipitate  is  always  produced  in  the  first  instance  ;    , 

id  Ibat  it  may  be  preserved  by  adding  water  ai  loon  as  It  &   I 
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formed ;  otherwise,  when  the  mother  liquor  is  abundaot,  it  often 
becomes  grey^  and  is  re.dissoWed." 

<*  Several  trials  of  the  mercurial  powder  were  afterwards  nim(l« 
at  Woolwich,  in  conjunction  with  Colonel  Bloomfield  and  Mr. 
Cruickshank,  upon  heary  i^uns,  carronades,  &c.  from  which  Mr. 
Howard  generally  infers,  that  any  piece  of  ordnance  might  be 
destroyed,  by  employing  a  quantity  of  the  mercurial  powder^ 
equal  in  weight  to  one-half  of  the  service-charge  of  ganpowder; 
and,  from  the  seventh  and  last  experiment,  we  may  also  conclade^ 
that  it  would  be  possible  so  to  proportion  the  charge  of  mercarial 
powder,  to  the  size  of  different  cannons,  as  to  burst  them  withoot 
dispersing  any  splinters.  But  the  great  danger  attending  the  use 
of  fulminating  mercury,  on  account  of  the  facility  with  which  it 
explodes,  will  probably  prevent  its  being  employed  for  that  par« 
pose. 

*^  In  addition  to  the  other  singular  properties  of  the  fnlmioatiiig 
mercury  (says  Mr.  Howard),  it  may  be  observed,  that  two  oaaceSy 
inflamed  in  the  open  air,  seem  to  produce  a  report  much  louder 
than  when  the  same  quantity  is  exploded  in  a  gun,  capable  of  it* 
sisting  its  action.  Mr.  Cruickshank,  who  made  some  of  the  pov« 
der  by  my  process,  remarked,  that  it  would  not  inflame  gonpov. 
der.  in  consequence  of  which,  we  spread  a  mixture  of  coarse 
and  fine-grained  gunpowder  upon  a  parcel  of  the  mercurial  pow» 
der ;  and  after  the  inflammation  of  the  latter,  we  collected  most^ 
if  not  all,  of  the  grains  of  gunpowder.  Can  this  extraordinarj 
fact  be  explained  by  the  rapidity  of  the  combustion  of  fulmioatiiy 
mercury  ?  Or  is  it  to  be  supposed  (as  gunpowder  will  not  explode 
at  the  temperature  at  which  mercury  is  thrown  into  vapoar)  tliat 
sufficient  caloric  is  not  extricated  during  this  combustion  I  Fron 
the  late  opportunity  I  have  had  of  conversing  with  Mr.  Croidb- 
shank,  I  find  that  he  has  made  many  accurate  experiments  on  gin- 
powder  ;  and  he  has  permitted  me  to  state,  that  the  matter  whieh 
remains  after  the  explosion  of  gunpowder,  consists  of  potasay 
united  with  a  small  proportion  of  carbonic  acid,  sulphate  of  pot- 
ass, and  a  very  small  quantity  of  sulphuret  of  potass,  and  nncon* 
sumed  charcoal.  That  100  grains  of  good  gunpowder  jielded 
about  fifty-three  grains  of  this  residuum,  of  which  three  are  diar« 
coal.  That  it  is  extremely  deliquescent,  and  when  exposed  to  the 
air,  soon  absorbs  moisture  sufficient  to  dissolve  a  part  of  tke 
alkali;  in  consequence  of  which  the  charcoal  becomes  ei^oaeil, 


•nd  dw  irhote  nnBM  ft  Mark,  w  «»fT  ^A  MliK. 
think*  liki>«is«  ioforau  me^  ikM  alter  I 


■  CCTIOK   III. 

Jtoiame,  or  Ike  Dtt^mmlimg  'iutitwmt  vf  JC  A^ 
This  coatfi(atn«M«rtW  tetnl  A 
itj;  ami   ainoa   all   ikal  wa 
b  (broagh  ibe  cftfmpoaJfca  aad  asftflv^tt  af  S«  I^m^t*  I 


/a  jfrplrmbcr  lilt,  Om  pkjbi 


a«it  rMiditi^  at  Pari*,  a  letter  caaArfria^  Aa  fifii'i^  ^ 
"Yob  »r<  doabtlw*  appriwaj,  fc,  aflfc*  toeain/  ■afc^Paa^   I 

Bearlr  a  jm  i^a,  afa         --- 

Vfaidt  hai  Uw  appvaraai 
I  4etoaat«a  a'dh  dl  (be  TioUaea  af  tW  A 

•impla  heat  of  the  hand  ;  aa  rlact  ahkk  ka  dcyamd  Aa^ 
0  «f  ftii  dboamy  of  aa  cya  aad  a  iig**'.  Tlii  itimmlbm  b 
"yUee  bf  cike  Amflm  aeparaiiaa  af  Ae  t«»  gfmr*^  mmmOf  fta  d 

Uaation  of  oxygni  aad  calariae ;  li^  aad  fcctf  a«*  ■ar^tfj- 

«qaal]j  pradocvd  bj  lliis  ddoaaljoa,  ia  «bkk  a  ■iajjt  ■(■<  tah 


Tbe  brtbrr  aceonnl  of  lb 
Uanphrjr'iovn  words,  ai 
VcttombrlSIS. 

"  Th*  letter,"  nj*  ba,  "  coataia^  no  aecoanr  of  the  node  aff  I 
pfvparatiMi  of  ibtt  falMtuca,  ixtr  any  olber  detaib  mpecUiig  iL  ' 
8e  corioat  and  iaiporlant  a  fMall  coald  not  fall  to  iatetflil 
Wi  particolarlr  at  I  bare  lan<  bc«fi  mcag«d  ii 
the  actwn  of  atote  and  cUorine,  wiibovt  guninj  taj  deddiA  I 
|iroofi  of  Ideir  power  of  combiDiog  witb  «ach  olb^r. 
Ktfh  a*idi()P  Ibe  different  Frencb  chemica)  sad  physical  joaraali^  J 
e^periaJIy  Let  Annalet  de  CWtnie  and  Le  Journal  de  Phyriqae,  of  1 
aliich  (he  oomplple  wries  of  Ih*  Uit  year  hB»p  arTi*ed  in  this  cooa.  ' 
try,  in  hopei  of  diKoreriog  tome  detail  respwling  the  prrpara. 
tioa  of  thif  lubtiance;  but  in  mIo.  I  w»s  nnable  lo  fiad  any  i 
(bing  rclaiive  to  it  in  tbese  pobiicationa,  or  in  the  Monitear. 


"  Von  area  n 


c  Phil.  Tram,  for  ll>13.  p.  1. 
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<<  It  wat  evideDt  from  the  DOtice,  that  it  could  oot  be  formed  in 
any  operations  in  which  heat  is  concerned ;  I  therefore  thought 
of  attempting  to  combine  azote  and  chlorine  under  circurostancci 
which  I  had  never  tried  before,  that  of  presenting  them  to  each 
other  artificially  cooled,  the  azote  being  in  a  nascent  state.  For 
this  purpose  I  made  a  solution  of  ammonia^  cooled  it  by  amiztore 
of  ice  and  muriate  of  lime,  an  J  slowly  passed  into  it  chlorine,  cooled 
by  the  same  means.  There  was  immediately  a  Tioli-nt  action,  ac- 
companied by  fumes  of  a  pecaliarly  disagreeable  smell ;  at  the 
same  time  a  yellow  substance  was  seen  to  form  in  minute  films  ob 
the  surface  of  the  liquor ;  but  it  was  evanescent,  and  immAdiately 
resolved  itself  into  gass.  I  was  preparing  to  repeat  the  ezperU 
meat,  substituting  the  prussiate  of  ammoDia  and  other  ammooiacal 
compounds,  in  which  less  heat  might  be  produced  by  the  adioB  of 
the  chlorine,  than  in  the  pure  solution  of  the  gass,  when  ny  frieod 
Mr.  J.  G.  Children  put  me  in  mind  of  a  circumstance  of  which  he 
had  written  to  me  an  account,  in  the  end  of  July,  which  pcoBiised 
to  elucidate  the  enquiry,  viz.  that  Mr.  James  Burton,  jun»  in  es* 
posing  chlorine  to  a  solution  of  nitrate  of  ammonia,  had  observed 
the  formation  of  a  yellow  oil,  which  he  had  not  been  able  to  cnL 
lect  so  as  to  eiamine  its  properties,  as  it  was  rapidly  dissipnted  by 
exposure  to  the  atmosphere.  Mr.  Children  had  tried  the  sum  ex* 
periment  with  s'unilar  results. 

^^I  immediately  exposed  a  phial,  containing  abont  Jix  osbieal 
inches  of  chlorine,  to  a  saturated  solution  of  nitrate  of  amnonia, 
at  the  temperature  of  about  fifty  degrees  in  common  day-Ught. 
A  diminution  of  <he  gass  speedily  took  place ;  in  a  few  jnloateaa 
film,  which  had  the  appearance  of  oil,  was  seen  on  the  snifkoe  of 
the  fluid  ;  by  shaking  the  phial  it  collected  in  small  ^labynleSy  and 
fell  to  the  bottom.  I  took  out  one  of  the  globules,  and  exposed 
it  in  contact  with  water  to  a  gentle  heat :  long  befoce  the  walar 
began  to  boil,  it  eiploded  with  a  very  brilliant  lighty  bnt  vrithont 
any  violence  of  sound. 

<^  I  immediately  proposed  to  Mr.  Children,  that  we  ahMdd  infli- 
tnte  a  series  of  experiments  upon  its  pret>aratioD  and  Its  pffoptr- 
ties.  We  consequently  commenced  the  operations,  the  nsnlts  mt 
which  I  shall  describe.  We  were  assisted  in  our  labQiia,  which 
were  carried  on  in  Mr.  Children's  laboratory  at  Taabridgey  by 
Mr.  Warburton. 

<^  It  was  found  that  the  solution  of  oxalate  of  ammonia^  or  m  very 
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toetk  solatioQ  of  pare  ammaoia,  amwarvd  tfe  p 

Mlntiofi  of  nitrate  of  ammonik.     Jt  wu  (t 
Ib  tbe  salntioa  of  ammonia,  but  it  wu  vUte  ■ 
thouili  I»s  eranescent  than  in  the  gtroog  jbIimwi  1 1 

far  from  being  aj  permanent  ai  in 
«ulat«.     The  solation  of  pmuiUe  of  iBmowa  Mte4  as  ly  <M^ 
■Ak,  aBbrded  none  of  the  pecnU&roil ;  bat  p 
■m)  became  of  a  bright  green  colour, 
•care  (be  labstance  in  large  quantities,  hf  p 
'^olfe't  bottles  contaioiof;  the  different  soliitiaM :  ba 
oied  the  danger  of  this  mode  of  operadog;  the  i 
trcely  begoo  (o  fonn,  whtn,  by  iJie  actioa  of  ■ 
ipour  on  chlorine,  heat  was  prodnced,  «Uek  o 
ploMon,  and  the  whole  apparidu  wu  dcatfOfciL 
"  I  iball  now  describe  the  properties  of  iJm  ai 
lonr  is  verf  neailj  that  of  olire  oil,  and  it  is  ai  traaiparcwt,  a 
■ere  perfectly  liquid.     1  bare  not  been  able  ic 
Ic  gravity  with  accuracy,   but  it  is  probably  abore  1-6. 

very  nauseous,  strongly  resembling  thai  of  the  c 
Cvboote  oside  and  chlorine,  discorered  by  n 
•Irct  oa  iV  eyes  is  pecnliatly  pongeot  and  d 
tt  il  was  introdnced  under  water  into  the  naiitt  af  aa  ai 
■ad  the  receirn  exhausted ;  it  became  an  ctaMic  laid  i 
ate  was  rapidly  absorbed  or  decomposed  by  I 
i^n  warm  water  was  poured  into  a  glass  contMaiog  it,  it  « 
titnto  a  globule  of  elastic  fluid,  of  an  orange  colowr,  wUd  SmiL 
■Uted  «i  it  passed  through  the  water. 

"  [attempted  to  collect  the  prodacts  of  tbe  esploaioa  of  tke  anv 
tibiumce,  by  applying  the  beat  of  a  spirit  lamp  to  a  global* 
ef  it,  confined  in  a  cnrred  glass  tnbe  over  water :  a  [itlle  gasi  «•• 
»l  firM  e  itricaled ;  hot  long  before  the  water  h 
pcralnrcorebaUitioa,  a  lioleut  Dash  of  light  wu  perceived,  witk 
s  ilisrp  rvporl ;  the  tube  and  glass  were  broken  into  imall  frag- 
Aenrs,  and  I  received  a  severe  wound  in  the  tntniparent  comer 
if  the  eye,  which  bas  produced  a  considerable  inflammation  of  the 
(;e,  and  obli^  me  to  make  the  communication  by  *n  amaoaennt. 
Tkli  Hperloiesl  proveK  what  eatreme  caution  i«  necessary  In  op«. 
ruing  on  this  sobsUnce,  for  the  quantity  I  used  was  scarcely  u 
Isrge  at  a  grain  of  mustard  seed. 
"  A  iHaU  globule  of  it  thrown  into  a  glas)  of  oljret^,  prodoctd 
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8  most  violent  explosion  ;  and  the  glass^  though  strong,  was  brokelf 
into  fragments.  Similar  eflfects  were  produced  by  its  action  oil 
oil  of  turpentine  and  naphtha.  When  it  was  thrown  into  ethier^ 
there  was  a  very  slight  action ;  gass  was  disengaged  in  small  qiiaa* 
tities,  and  a  substance  like  wax  was  formed,  wttich  had  lost  die 
characteristic  properties  of  the  new  body.  On  alcohol  it  acted 
slowlj,  lost  its  colour,  and  became  a  white  oily  substance,  witboiit 
explosire  powers.  When  a  particle  of  it  was  touched  under  water 
by  a  particle  of  phosphorus,  a  brilliant  light  was  perceired  under 
the  water,  and  permanent  gass  was  disengaged,  haring  the  cbarac* 
ters  of  azote« 

^<  When  quantities  larger  than  a  grain  of  mnstard  seed  were  used 
for  the  contact  with  phosphorus,  the  explosion  was  always  so  rio* 
lent  as  to  break  the  Tessel  in  which  the  experiment  was  made» 
The  new  body,  when  acted  upon  ander  water  by  mercury,  afford- 
ed a  substance,  having  the  appearance  of  corrosiTe  subiimatey  and 
gass  was  disengaged.  On  tin  foil  and  zinc  it  exerted  no  action  ;  it 
bad  no  action  on  sulphur,  nor  on  resin.  In  their  alcobolic  solatu 
ons  it  disappeared  as  in  pure  alcohol.  It  detonated  most  Tiolenfly 
when  thrown  into  a  solution  of  phosphoms  in  ether,  or  in  alcohoL 
Phosphorus  introduced  into  etber,  into  which  a  globule  of  tiie  sub* 
stance  had  been  put  immediately  before,  produced  no  effect*  In 
muriatic  scid  it  gare  off  gass  rapidly,  and  disappeared  without  ez< 
plosion.  On  dilute  sulphuric  acid  it  exerted  no  Tiolent  action* 
It  immediately  disappenred  without  explosion  in  LibaTins'f  Iiquor| 
to  which  it  imparted  a  yellow  tinge. 

<  ^  It  seems  probable,  from  the  general  tenor  of  these  fiictfy  that  the 
new  substance  is  a  compound  of  azote  and  chlorine;  -the  flune  aS| 
or  analogous  to,  that  mentioned  in  the  letter  from  Piirb.  It  b  easy 
to  explain  its  production  in  our  experiments :  the  hydrogen  oi  the 
ammonia  may  be  conceived  to  combine  with  one  portion  of  the 
chlorine  to  form  muriatic  acid,  and  tlie  azote  to  unite  withnnotter 
portion  of  chlorine  to  form  the  new  compound.  The  beat  and  light 
produced  during  its  expansion  into  gasseous  matter,  supposing  it  to 
be  composed  of  azote  and  chlorine,  is  without  anj  peraUel  in* 
stance,  in  our  present  collection  of  chemical  facts ;  tlie  deoomposi* 
tion  of  euchlorine,  which  has  been  compared  to  it,  is  merely  aiA 
expansion  of  matter  already  gasseous.  The  heat  and  light  produced 
by  its  rarefaction,  in  consequence  of  decomposition,  depend^  pro* 
bahly,  on  the  same  cause  as  that  which  produces  the  flaah  cf  light 
in  the  discharge  of  the  air  gun. 
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Tlie  mechanical  forc<?  of  this  compound  in  Jefonation,  seems  f 
betuprrior  to  that  of  any  other  kno-t  n,  not  •'.ten  excepting  the  am  J 
noniacal  Tuliniiiating  silver.     Th«  Telocity  ut  Us  action  appears 
be  libwisesreater. 

In  a  tultsequent  paper  published  in  the  same  «alnme,  Sir  IIui 
phry  \itif  observes  as  rotldirS  ; 

I  receuid  in  April,  a  <)Dplicate  of  Iha  letter  in  *hich  (he  dil> 
f  was  annonnced,  coiilnining  an  Appenilii,  in   which  t 
method  of  preparing  it   was  (Inscribed.      M.  Amper 
■pondent,  iutn  that  (he  author  obtained  it  by  pacing  a  mixture  otm 
■lotcaDd  chlorine  through  aqueous  solutions  of  hulphite, 

aiDiBDuia.     It  is  obvious,  from  (his  sistempnt  that  the  substancafl 
tcoTrred  in  France,  is  Ihe  sumo  ss  (hat  which  occasioned  my  acctM^ 
dent.     The  azote  cannot  be  necessary  ;  for  the  result  is  obtalae^fl 
by  the  exposure  of  pure  chlorine  to  any  common  aromoniacal  s&Ut 
vcrcdlhe  use  of  my  eyes,  I  have  made  many  ecperi- 
BKnts  on  (hii  cotnpou'id ;    it  is  probable  that  most  of  (hem  hnr^ 
been  maiJe  befoie  in  France  ;    but  as  no  accounts  of  the  inves- 
tigations of  M,  DoloDg  on  tile  substance  have  appeared  in  any  of 
the  foreign  joDrnils  which  have  rearhed  this  country,  and  as  some 
iifference  of  opinion  and  dojbls  exitt  r^spucting  its  compaiilian, 
a  few  details  on  its  properties  and  nature  will  not  bff 
entirely  devoid  of  ln(erest." 

We  cannot  follow  the  analysis,  which  is  too  copious  and  ope- 
rose  for  Uie  present  work.  The  author  concludes  by  observing^ 
that,  the  compound  of  chlorine  and  azote  agrees  withtbeconM  ! 
of  the  same  substance  with  fulphur,  phosphorus,  and  th»  ' 
in  being  a  non. conductor  of  electricity  ;  and  these  com*' 
pounds  are  likewise  decomposable  by  heat,  though  they  requirs. 
'that  of  Voltaic  electricity. 

Sulphur  combines  only  'ifi  one  proportion  wUh  chlorine  ;  and. 
hence  the  action  of  Sulphurane,  or  Dr.Thompfon's  muriatic  liquor 
»pon  water,  like  that  of  the  new  compound,  is  not  a  simple  phenod 
enon  of  double  decomposition. 

/t  seems  proper  to  designate  this  newbodyby  some  name :  A  lotana  ' 
wys  Sir  Humphry  "isthe  term  that  wouldbenppliedtoil,  according, 
to  my  ideas  of  its  analogy  to  the  other  bodies  which  contain  chlorine  j 
not  desirous,  in  the  present  imperfect  and  fluctuating  stats 
of  chemical  nomenclature,  to  press  the  adoption  of  any  cew  word,  ► 
ptrljcalarly  as  applied  to  a  substance  not  discovered  by  myself." 
p  2  [Bfi/wr. 
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CHAPTER  I. 

CONSTRUCTION  OF  THE  CARTRIDGES  OF  ROCKETS. 

JlvOCKETS  may  be  regarded  as  the  grand  basis  of  all  £re.works, 
which  are  little  more  than  modifications  of  their  fonui  and  of  the 
materials  of  which  they  nsoally  consist.  A  rocket  is  a  cartridge 
or  case  made  of  stiff  paper,  which  being  filled  in  part  with  gso- 
powder,  saltpetre,  and  charcoal,  rises  of  itself  into  the  air|  when 
fire  is  applied  to  it.  ^ 

There  are  three  sorts  of  rockets  :  small  ones,  the  calibre  of  wbkk 
does  not  exceed  a  pound  bullet ;  that  is  to  say,  the  orifice  of  theaa 
is  equal  to  the  diameter  of  a  leaden  bullet  which  weighs  only  a 
pound ;  for  the  calibres,  or  orifices  of  the  moulds  or  the  models 
used  in  making  rockets,  are  measured  by  the  diameters  of  leadea 
bullets.  Middle  sized  rockets,  equal  to  the  size  of  a  ball  of  from 
one  to  three  pounds.  And  large  rockets,  equal  to  a  ball  of  from 
three  to  a  hundred  pounds* 


OF  ROCKETS. 

To  gire  (be  cartridges  the  same  length  and  thickness, 
ttwt  any  aumber  of  rockets  may  be  prepared  of  the  same  siie  a 
force,  they  sre  put  into  a  hollow  cyUndtr  of  strong  ifood,  called  a 
mould.     TIds  moald  is  sometimes  of  metal  ;   but  at  any   rate  it 
ODght  to  be  made  of  some  rery  hard  irood. 

This  mould  must  not  be  confounded  with  another  piece  of  wood.^ 
called  llie  former  or  roller,  around  whicli  is  rolled  the  thick  p 
employed  to  make  the  cartridge.      If  the  calibre  of  the  nioul 
divided  into  8  equal  parts,  (he  diameter  of  the  roller  must  be  eqoi 
to  5  of  these  parts.     The  Tacuily  between  the  roller  and  the  intai 
rior  surface  of  the  mould,  that  is  to  say  |  of  the  calibre  of  tbc  J 
mould,  will  be  exactly  filled  by  (he  cartridge. 

As  rockets  are  made  of  diiTerenI  sizes,  moulds  of  different  ler 
and  diameters  mast  be  provided.  The  calibre  of  a  cannon  is  nolhii^ 
else  than  the  diameter  of  its  month  ;  and  we  here  apply  the  sam*'] 
term  to  the  diameter  of  the  aperture  of  the  mould.  The  bl 
mould  is  measured  by  its  calibre  ;  but  the  length  of  the  moulds  for*  I 
different  rackets  does  not  al  ways  bear  the  same  proportion  to  tb»<  I 
calibre,  the  length  being  diminished  as  the  calibre  is  increased*'! 
The  length  of  the  mould  for  small  rockets  ought  to  be  six  times  IMV 
ciVibn,  but  for  rockets  of  the  mean  and  larger  lize,  it  nill  be  tuOi.^ 
cient  if  the  length  of  the  mould  be  five  times  or  four  times  lb*  ] 
calibre  of  the  moulds, 

A  t  the  end  of  this  chapter  we  Ehall  give  two  tables,  one  of  whioli  I 
contains  the  calibres  of  moulds  below  a  pound  bullet  ;  and  tlw  | 
other  the  calibres  from  a  pound  to  a  hundred  pounds  bullet. 

For  making  the  cartridges,  large  stiff  paper  is  employed.     Thb'  | 
paper  it  wrapped  round  the  roller,  and  then  cemented  by  means  of   I 
eommoa  paste.     The  thickness  of  the  paper  when  rolled  up  in  thla 
I  manner,  onght  to  be  about  one-eighth  and  a  half  of  the  calibre  of  (bt 
r  Bioutd,  according  to  the  proportion  given  to  the  diameter  of  tlw  ) 
roU«r.     Bat  if  the  diamtter  of  the  roller  be  made  equal  to  |  the 
calibre  of  (he  mould,  the  thickness  of  the  cartridge  must  be  a  twelfth  ' 
and  a  half  of  that  calibre. 

When  tbecartridge  is  formed,  the  roller  is  drawn  oot,  by  tunis-H 
^    iag  it  round,  nntil  it  is  distant  from  the  edge  of  ihe  cartridge  tkv   ] 
B  length  of  its  diameter.     A  piece  of  cord  is  then  made  to  pass  (wioo 
B   lonnd  the  cartridge  at  the  extremity  of  the  roller.     And  irno  Um 
H    ncuity  left  in  the  cartridge,  another  roller  is  introduced,  so  as 
^m  leave  some  space  between  the  two.     One  end  of  the  pack-thie 
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must  be  fastened  to  some  thing  fixed,  and  the  other  to  a  stick  cqn« 
Te}|S(l  hctween  the  legs,  and  placed  in  such  a  manner,  as  to  be 
behind  the  person  uhu  choaks  the  cartridge.  'J'he  cord  is  then  to 
be  stretched  by  retiring  backwards,  and  the  cartridge  must  be 
pinched  until  there  remains  only  an  aperture  capable  of  admitting 
the  piercer.  The  cord  employed  for  pinching  it  is  then  remoTed, 
and  its  place  is  supplied  by  a  piece  of  pack-thread,  which  must  be 
drawn  yery  tight,  passing  it  several  times  round  the  cartridge, 
lifter  which  it  is  9ecpred  by  means  of  running  knots  made  ope  abofO 
the  other. 

« 

Beside^  the  roller,  a  rod  is  used,  which  being  employed  to  load  the 
cartridge,  must  be  somewhat  smaller  than  the  roller,  in  order  that 
it  may  be  easily  introduced  into  the  cartridge.  The  rod  is  pierced 
lengthwise,  to  a  sufficient  depth  to  receire  the  piercer,  which  must 
enter  intp  the  pioqld,  and  ^nite  with  it  e^iactly  at  its  lower  part. 
The  piercer,  which  decreases  in  size,  is  introduce4  into  fhe  car* 
tridge  through  the  part  where  it  has  been  choaked,  and  sepres  to 
preserve  a  cavity  within  it.  Its  length,  besides  the  pip[ile  or  but- 
ton, must  be  equal  to  about  two.thirds  that  of  the  tnould,  fjastij) 
if  the  thickness  of  the  base  be  a  fourth  part  of  the  calibre  of  the 
IDopId,  the  point  must  be  made  equal  to  a  sixth  of  the  calibre. 

It  is  evident  that  there  ipust  be  at  least  three  rods,  pierced  io 
proportion  to  the  diminution  of  the  piercer,  in  order  that  the 
powder  which  is  rammed  in  by  means  of  a  mallet,  may  be  unifomiljr 
packed  throughput  the  whole  length  of  the  rocket.  It  may  be 
easily  perceived  also,  that  thes^  rods  ought  to  be  made  of  some  Teij 
h#ird  wood,  to  resist  the  strokes  of  the  mallet^ 

In  loading  rockets,  it  is  more  convenient  not  to  emplQy  a  piei^r^ 
"^Vhen  loaded  on  a  nipple,  without  a  piercer^  by  rowans  of  one  massj 
rod,  they  are  pierced  with  a  bit  and  a  piercer  (itted  into  the  end 
of  a  bit-br^ce.  Care  however  must  be  taken  to  make  this  hole 
suited  to  the  proportion  assigned  for  the  diminution  of  the  piercer. 
'  That  is  io  say,  the  extremity  of  the  hole  at  the  choaked  part  of  the 
cartridge,  ought  to  be  about  a  fourth  of  (he  calibre  of  the  mould; 
and  the  extremity  of  the  hol^  which  is  in  th^  inside  for  about  two- 
thirds  of  the  lepgth  of  the  rocket  ought  tq  be  a  sixth  of  the  calibre. 
This  hole  must  pasp  directly  through  the  middle  of  the  rocket  Iq 
pbort,  ^^perience  and  ingenuity  will  suggest  what  is  most  conTe« 
latent,  and  in  what  manner  the  method  of  loading  rockets,  which  wt 
s|iaU  here  explain,  maj  be  f aried. 
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Aftir  th«  cartridge  is  placed  ia  tbe  mould,  pour  gradusllf  into  it 
lh»  prrpkr«d  curaposilion  ;    Ikking  care  to  pour  only  two  spoon- 
fuls at  >  litn«,  ant!  to  ram  it  immedialtly  down  with  the  rgd,  strik- 
ing it  in  a  perpendicular  direcliuu  with  a  mallet  of  a  proper  size,    ' 
and  giring  an  equal  number  of  eirokes,  for  eiample,  3  o«  4,  each  1 
time  that  a  new  quantity  of  the  compositiou  i$  poured  iu.  I 

Whe<i  tbe  cartridge  i^  about  half  6lled,  separate  with  a  bodkin  I 
the  half  of  the  folds  of  the  paper  which  remains,  and  haiin^*  (uru«4  J 
Ihem  back  on  the  composition,  press  them  down  with  llierod  and  ft'  1 
few  efroket  of  the  mallet,  in  order  to  compress  the  paper  on  th«  ■ 
Compotition.  ,  1 

Then  pierce  three  or  four  boles  !□  the  fuljed  paper,  by  means  of  I 
I  piercer,  nhich  must  be  made  to  penetrate  to  the  composition  of  | 
Uie  rocket.  These  holes  s^rve  to  form  a  communication  tittw.en  J 
Ike  body  of  the  rocket  and  the  vacuity  at  thf  eilremiiy  of  the  car.  1 
(ridge,  or  (bat  part  which  has  been  left  empty.  | 

In  small   rockets  (his  faculty  is  filled   nith   grauuUled  powder,      J 
Vlkicha*rie»to  let  them  od':  they  are  (ben  toTercd  with  paper,  and     I 
icheil  in  tbe  same  maiuier  as  at  the  otber  extrcmily.     llutin    1 
3er  rockets,  the  pot  coutaiaing   stars,    serpeuls,   aud  ninnin^'V 
fockela  if  aiJapted  to  it,  as  u  ill  be  shewn  hereafter.  ^ 

It  may  be  aofficient  however  lo  make,  with  a  bit  or  piercer,  «uly  i 
me  hole,  which  must  be  neither  too  lar^e  nor  loo  small,  such  as  a  I 
bnrth  p^rt  of  the  diameter  of  ihe  rocket,  to  set  lire  to  (he  powdi-r, 
taking  cire  that  tbii  hole  be  as  straight  as  possible,  and  exactly  iu  , 
Ehc  middle  of  the  compoBiIion.  A  Utile  of  the  composition  of  Ihe  J 
rocket  must  be  put  into  these  holes,  that  the  fire  imy  not  fad  to  be  J 
^onmunicaied  to  it.  j 

It  noir  remains  to  fix  the  rocket  to  its  rod,  which  is  done  in  the 
Moniog  manner.      When    Ihe  rocket  has  been  constructed  as        , 
aWe  described,  make  fast  to  it  a  rod  of  light  wood,  hoch  as  fir  or       4 
'  villuw,  broad  and  fiat  at  the  end  next  the  rocket,  and  decreasing  to-    '    I 
wards  the  other.      It  must  be  as  straight  and  free  froai  knots  an    , 
potMbk-,  and  oaght  to  be  dressed,  if  necessary,  with  a  plane.     Iti 
Ifi'glh  and  weight  roast  be  proportioned  to  the  rocket ;  that  is  to       J 
ny,  it  oujjirt  to  be  six,  seven,  or  eight  feet  Jong,  so  as  to  remain  in        1 
equilibrium  with  it,  when  suspended  on  the  finger,  within  an  inch 
or  ku  inch  and  a  half  of  the  neck.     Before  it  is  fired,  place  it  with 
I  ttenw:k downwards,  and  let  it  rest  on  two  nails,  in  a  direction 
L  ^peadicalti  to  the  boiizon.    To  moke  it  ascend  itroigbter  and  to       m 
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a  greater  height,  adapt  to  its  samniit  a  pointed  cap  or  top,  mada  of 
commoQ  paper,  which  will  serre  to  facilitate  its  passage  throng 
the  air. 

These  rockets,  in  general,  v^  made  In  a  more  complex  manner, 
sereral  other  things  being  added  to  them  to  render  them  more 
agreeable,  such  for  example  as  a  petard,  which  is  a  box  of  tin-plate, 
filled  with  fine  gunpowder,  placed  on  the  summit.  The  petard  is 
deposited  on  the  composition,  at  the  end  where  it  has  been  filled ; 
and  the  remaining  paper  of  the  cartridge  is  folded  down  oTer  it  to 
keep  k  firm.  The  petard  produces  Its  effect  when  the  rocket  u  in 
the  air  and  the  composition  is  consamed. 

Stars,  golden  rain,  serpents,  saucissons,  and  seTeral  other 
amusing  things,  the  composition  of  which  we  shall  exptaln  here, 
after,  are  also  added  to  them.  This  is  done  bj  adjusting  to  the 
head  of  the  rocket,  an  empty  pot  or  cartridge,  moch  larger  than 
the  rocket,  in  order  that  it  maj  contain  serpents,  stars,  and  Tanoai 
other  appendages,  to  render  It  more  beautiful. 

Rockets  may  be  made  to  rise  into  the  air  without  rods.  For  this 
purpose  four  wings  most  be  attached  to  them  in  the  form  of  a  cross, 
and  similar  to  those  seen  on  arrows  or  darts.  In  length,  these 
wiugs  roust  be  equal  to  two*thirds  that  of  the  rocket ;  their  breadth 
towards  the  bottom  should  be  half  their  length,  and  their  tidckaesi 
ought  (o  be  equal  to  that  of  a  card. 

But  this  method  of  making  rockets  ascend  is  less  oertaia,  and 
more  inconrenlent  than  that  where  a  rod  Is  used ;  and  for  tids  rea* 
son  It  Is  rarelj  emplojed. 

We  shall  now  shew  the  method  of  finding  the  diameters  or  calibro 
of  rockets,  according  to  their  weight ;  but  we  must  first  obserro 
that  a  pound  rocket,  Is  that  just  capable  of  admitting  a  leaden  bnttet 
of  a  pound  weight,  and  so  of  the  rest.  The  calibre  for  the  difcrent 
fixes  may  be  found  by  the  two  following  tables,  one  of  which  b 
calculated  for  rockets  of  a  pound  weight  and  below  ;  and  tka  other 
for  those  from  a  pound  weight  to  50  pounds. 


OF 


I.  Tate  of  ike  calibre  qfmemide  efm 


Ouoces. 


16 
13 

8 
7 
6 
5 
4 
3 
3 
1 


17 
15 

13 
Hi 


Dni 


14 
IS 
10 

8 
8 
4 
3 


7 


H 


The  Qie  of  tliis  table  wfll  be  vadcrffood  mtrtfy  hj  h 
for  it  if  erident  tint  a  rocket  >f  «S  osbom  o«^  to  be  17 
diaaeter ;  one  of  8  oances,  \3  lines  ;  o«e  of  10  druH,  e^ 
Mad  so  of  tba  rest. 

On  tka  odwr  hand,  if  the  diameter  of  tk»  rocket  V  gi ^»«,  it  vil 
be  easj  to  find  tite  weiglit  of  tke  ball  correfpoodme  li»  rkat 
For  enrnjile,  if  tke  diameter  be  13  liMS,  it  «iO  b^  ii 
•eeo,  bj  looking  for  that  nomber  io  tke  colama  of  liaes,  tkatk 
responds  to  a  ball  of  5  oances. 

II*  Tekle  of  ike  calibre  of  wunddifrom  1  to  iOpoumds  balL 


I   1^. 


■ 


3 
3 
4 
5 
8 
7 
8 

10 
11 
12 
13 


128 
144 
158 
171 
181 
191 
SOO 


niisids* 


215 
222 


235    t 


14 
15 
18 
17 

18 
10 
20 
21 
22 
23 
24 
25 
28 


CaUbre. 


241 
247 
252 
257 
282 
287 
271 
275 
290 
2H4 
288 
292 
208 


27 
28 
29 
30 
31 
32 
33 
34 
35 
38 
37 
38 
30 


FcMKk.   Calbve. 


3UU 
304 
34/7 
310 
314 
317 
330 


328 
330 
333 
338 
330 


40     } 

41 

42 

43 

44 

45 

48 

47 

48 

40 

50 


341 
344 

317 
33*^ 
363 
355 
358 
381 
383 
388 
388 


iMise  of  tbe  secoi 
Ml  bt  gif  en,  which 


follows  :  If  the  we%ht  of  tbe 
pose  to  be  24  ponadsi  seek  for 
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that  nanaber  in  the  column  of  pounds,  and  opposite  to  it,  in  thf 
colomn  of  riiiibres,  will  be  found  the  number  ^88.  Then  say  at 
100  is  to  IT'I,  so  is  288  to  a  fourth  term,  which  will  be  the 
number  of  lines  of  the  calibre  required  ;  or  multiply  the  number 
found,  that  is  i2d8,  by  19|,  and  from  th*  product  56*16,  cut  off  the 
two  last  figures:  tiie  required  calibre  therefore  will  be  56*16  lioes^ 
pr  4  inches  8  lines. 

On  the  other  hand,  the  calibre  being  given  in  lines,  the  weight  of 
the  ball  may  be  (bund  with  equal  ease  :  if  the  calihrejfor  example^ 
be  'zS  lines,  say  as  19|  is  to  28,  so  is  100  to  a  fourth  term,  which 
vill  be  143*5,  or  nearly  144,  But  in  the  above  table,  opposite  to 
1 44,  in  the  second  column,  will  be  found  the  number  3  in  the  first ; 
"Hhich  shfws  that  a  rocket,  the  diameter  or  calibre  of  which  is  29 
]xQes^  is  a  rocket  of  a  3  pounds  ball. 


CHAP.  II. 

pOMPOaiTlON  OF  THE  POWO£R  FOR  ROCKETS,  AND  TH9 

MANNBR  OF  FILLING  THEM. 


J.  IIE  composition  of  the  powder  for  rockets  must  be  difiereot^ 
accordiug  to  the  different  siies  ;  as  that  proper  for  small  rocket8| 
would  be  too  strong  for  large  ones.  This  is  a  fact  respecting  which 
almost  all  the  makers  of  fireworks  are  agreed.  The  quantities  of 
the  ingredients,  which  experience  has  phewn  to  be  the  best,  are  ai 
follows  : 

for  rockets  capable  of  coniaining  one  or  iwo  ouncee  ofeowu 

position. 

To  one  poufid  of  gunpowder,  add  two  ounces  of  soft  charcoal ; 
or  to  one  pound  of  gunpowder,  a  pound  of  the  coarse  powder  used 
for  cannon ;  or  to  nine  ounces  of  gunpowder,  two  onnoes  of  char- 
coal ;  or  to  a  pound  of  gunpowder,  an  ounce  and  a  half  of  saltpetre^ 
und  as  much  charcoal. 

For  rockets  of  two  or  three  ounces. 

To  four  ounces  of  gunpowder,  add  an  ounce  of  charcoal ;  or  tQ 
^ine  ouBces  of  gunpowder,  add  two  ounces  of  saltpetre. 


Far  a  rackei  offwmr 
To  foor  poondf  of  gnDpowder,  add  a 


four  ovDcei  of  charcoal :  joa  anj  add  alM,  if  j«« 

ounce  of  solpbur ;  or  to  one  pound  two  aum 

powder^  add  foor  ounces  of  saltpetre,  and  Ivo  mmmces  W 

or  to  a  poand  of  powder,  add  fo«r  onaces  of  nkpttrtj 

OQoct  of  cbarcoal  ;  or  to  sereateen  onncea  of  gaapavdec^ 

OQoces  of  saltpetre,  and  the  sum  qnaatii j  of  ehaicaal ;  or  lo 

oiQcei  and  a  half  of  gunpowder,  add  ten  oonees  of  nltpetve, 

three  ounces  and  a  half  of  charcoaL     Bnt  the 

'troogest,  if  to  ten  ooncet  of  gunpowder,  jom 

*  half  of  saltpetre,  and  three  ounces  of  charcoaL 

For  ro^tts  ofjise  or  fix  oumccs^ 

To  two  pounds  fire  ounces  of  gunpowder,  add  half  a 
^tpetre,  two  ounces  of  sulphur,  six  ounces  of  charcoal, 
^finces  of  iron  fiUn^ 

For  roeketi  of  seven  or  eight  ommeee. 
To  sofenf een  ounces  of  gunpowder,  add  four  ounces  of  saUfett^ 


'^kifkd  three  ounces  of  sulphur. 

For  rockets  of  from  eigfki  to  ten  ommcee. 


To  two  pounds  and  fire  ounces  of  gunpowder,  add  half  a  pound 
df  saltpetre,  two  ounces  of  sulphur,  seven  ouuces  of  ^arcoul,  aud 
Ihrce  ounces  of  iron  filings. 

For  rockets  of  from  ten  to  twelve  onnceSm 

To  seventeen  ounces  of  gpopowder,  add  four  ounces  of  saltpetre, 
Qree  ounces  and  a  luilf  of  sulphur,  and  one  ounce  of  charcoaL 

for  rockets  of  from  fourteen  to  fifteen  ounces. 

To  two  pounds  four  ounces  of  gunpowder,  add  nine  ounces  of 
ultpetre,  three  ounces  of  sulphur,  five  ounces  of  charcoal,  and  three 
ounces  of  iron  filings. 

For  rockets  of  one  pound, 

I'o  uue  pound  of  gunpowder,  add  one  ouuce  of  lulphur,  and 
three  ounces  of  charcoal. 
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Tot  a  rocket  of  two  pounds. 

To  one  pound  four  ounces  of  gunpowder,  add  two  ouocei  of 
saltpetre,  one  ounce  of  sulphur,  three  ounces  of  charcoal,  and  two 
ounces  of  iron  filings. 

For  a  rocket  of  three  pounds. 

To  thirty  ounces  of  saltpetre,  add  seTen  ounces  and  a  half  of 
sulphur,  and  eleren  ounces  of  charcoal. 

For  rockets  of  four ^  five^  six,  or  seven  pounds. 

To  thirty-one  pounds  of  saltpetre,  add  four  pounds  and  a  half  of 
sulphur,  and  ten  pounds  of  charcoal. 

For  rockets  of  eight,  nine^  or  ten  pounds. 

To  eight  pounds  of  saltpetre,  add  one  pound  four  ouneet  of  siL 
phur,  and  two  pounds  tweWe  ounces  of  charcoal. 

We  shall  here  obserre,  that  these  ingredients  must  be  each  pounds 
ed  separately,  and  sifted  ;  they  are  then  to  be  weighed  and  miisd 
together  for  the  purpose  of  loading  the  cartridges,  which  ought  to 
be  kept  ready  in  the  moulds.  The  cartridges  must  be  made  of  stroBg 
paper^  doubled,  and  cemented  by  means  of  strong  paste,  made  of 
fine  flour  and  very  pure  water. 

Of  Matches. 

Before  we  proceed  farther,  it  will  be  proper  to  describe  the  conpob 
sition  of  the  matches  necessary  for  letting  the  rockets  off.  Take  8aea, 
hemp,  or  cotton  thread,  and  double  it  eight  or  ten  times,  if  intend' 
ed  for  large  rockets ;  or  only  four  or  fire  times,  if  to  be  employed 
for  stars.  When  the  match  has  been  thus  made  as  large  as  oeees* 
sary,  dip  it  in  pure  water,  and  press  it  between  your  handf,  to  Ate 
it  from  the  moisture.  Mix  some  gunpowder  with  a  little  waUer,  to 
reduce  it  to  a  sort  of  paste,  and  immerse  the  match  in  it ;  tnmfaig 
and  twisting  it,  till  it  has  imbibed  a  sufficient  quantity  of  the  pew- 
der ;  then  sprinkle  oTer  it  a  little  dry  powder,  or  strew  some  paU 
Terised  dry  powder  upon  a  smooth  board,  and  roll  the  match  over 
it.  By  these  means  you  will  have  an  eicellent  match ;  which  if 
dried  in  the  ann,  or  on  a  rope  in  the  shade,  will  be  fit  for  use. 


ON    THE  CAUSS  WHICH    MAKES   BOCKaTB  ASCRNR    IHTO 
THE  AIR. 


As  this  cause  is  nearly  the  same  as  that  which  producsi  recoH  iu 
fire-armi,  it  is  best  esplaitied  by  illustrating  the  latter. 

When  the  powder  is  suddenly  inflained  in  the  chamber,  or  at  (h* 
bottom  of  the  barrel,  it  necessarily  exercises  an  action  (wo  iraya  at 
the  sane  time  ;  (hat  is  to  say,  against  the  breech  of  the  piece,  and 
agains(  the  ballet  or  wadding,  whith  is  placed  abore  it.  BesideK 
thu,  it  acts  also  against  the  sides  of  the  chamber  which  it  occupies  ; 
and  as  they  oppose  a  resistance  almost  inBarrncuntable,  the  irhole 
effort  of  the  elastic  fluid,  produced  by  the  iiinammBtion,  in  exerted 
In  the  two  directions  above  mentioned.  But  the  resistance  opposed 
ky  ibe  bnlUt,  being  much  less  than  that  opposed  by  the  mass  of  the 
barrel  or  cannon,  tfae  buMot  is  forced  out  with  great  velocKy.  ft  ii 
impossible,  lioverer,  that  the  body  of  the  piece  iUelf  should  no!  ex- 
perience a  mofemenl  backwards  ;  for  if  a  spring  is  suddenly  let 
loose,  betneen  two  moveable  obstacles,  it  will  impel  (hem  both, 
Uid  commonicate  to  them  Telocilles  in  the  inierse  ratio  of  their 
Biasses  ;  the  piece  therefore  must  actjuire  a  Telocity  backwards 
aearly  in  the  inrerse  ratio  of  its  mass  to  that  of  the  bullet.  W« 
Aake  use  of  the  term  ne<irty,  because  there  are  various  circam- 
nances  which  give  to  this  ratio  certain  mod ifi cations ;  bat  it  [i 
always  (rue  that  the  body  of  the  piece  is  driven  backwards,  and 
that  if  it  weighs  with  its  carriage,  a  thousand  times  more  than 
Ihe  bullet,  it  acquires  a  velocity,  which  is  a  thousand  times  lesa, 
and  wliich  is  soon  annihilated  by  the  friction  of  the  wheels  against 
the  ground,  &c. 

The  caose  of  the  ascent  of  the  rocket  is  nearly  (he  same.  At  (ha 
moment  when  the  powder  begins  tu  iDfiaroe,  its  expansion  produces 
■  torrent  of  elastic  fluid,  which  acts  in  every  direction;  that  is, 
uainst  the  air  which  op]>oses  its  escape  from  (he  cartridge,  i 
Kgainst  the  upper  part  of  the  rocket  j  but  the  resistance  of  the 
b  mora  coutid^rable  than  tie  weight  of  the  rocket,  oa  account  of 


I 
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the  extreme  rapidity  with  which  the  clastic  fluid  issues  throogh  thf 
neck  of  the  rocket  to  throw  itself  downwards,  and  therefore  the 
rocket  ascends  by  the  exce^i  of  the  one  of  these  forces  oyer  the 

other. 

This  however  would  not  be  the  case,  unless  the  rocket  were 
pierced  to  a  certain  depth.  A  sufficient  quantity  of  elastic  fluid 
would  not  be  produced  ;  for  the  composition  would  inflame  only  ia 
circular  coats  of  a  diameter  equal  to  that  of  the  rocket ;  and  expe* 
rience  shews  that  this  is  not  sufficient.  Recourse  then  ia  had  to 
the  Tery  ingenious  idea  of  piercing  the  rocket  with  a  conicat  hole^ 
which  makes  the  composition  burn  in  conical  strata,  which  hafe 
much  greater  surface,  and  therefore  produce  a  much  greater  qnuu 
tity  of  inflamed  matter  and  fluid.  Thb  expedient  was  certaioljT 
not  the  work  of  a  moment. 


CHAP.  IV. 

BRILLIANT  FIRE  AND  CHINESE  FIKB. 


As  iron  filings,  when  thrown  into  the  fire,  inflame  and  emit  i 
strong  light,  this  property,  discorered  no  doubt  by  chance,  gave 
rise  to  the  idea  of  rendering  the  fire  of  rockets  much  more  brilliant^ 
than  when  gunpowder,  or  the  substances  of  which  it  is  compo6ed| 
are  alone  employed.  Nothing  is  necessary  but  to  take  iron  filings^ 
Tery  clean  and  free  from  rust^  and  to  mix  them  with  the  composi* 
tion  of  the  rocket.  It  must  however  be  observed,  that  rockets  ot 
this  kind  will  not  keep  longer  than  a  week  ;  because  the  moistnre 
contracted  by  the  saltpetre  rusts  the  iron-filings,  and  destroys  the 
eflect  they  are  intended  to  produce. 

But  the  Chinese  have  long  been  in  possession  of  a  method  of  reo* 
dering  this  fire  much  more  brilliant  and  variegated  in  its  colours  ; 
and  we  are  indebted  to  father  d'Incarville,  a  Jesuit,  for  having  made 
it  known.  It  consists  in  the  use  of  a  very  simple  ingredient; 
namely,  cast  iron  reduced  to  a  powder  more  or  less  fine;  tlie 
Chinese  gave  it  a  name,  which  is  equivalent  to  that  of  iron  sand. 

To  prepare  this  sand,  take  an  old  iron  pot,  and  having  broken  it 
to  pieces  on  an  anvil|  pulverise  the  fragments  till  the  grains  are  not 
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larger  than  radish  s^ed  :  tben  sift  them  thnms^  six  gia<!«atgj[ 
deyes,  to  separate  the  different  sizes,  and  preaerre  thefie  sic  dif« 
fereni  kinds  in  z  Tery  drj  place,  to  secure  then  fnfm  mst,  vhick 
woold  render  this  sand  absolutely  unfit  for  the  proposed  end.  We 
JDUst  here  remark,  that  the  grains  which  pass  throo£^h  the  closest 
lieve,  are  called  sand  of  the  first  ordc'r;  those  which  pass  throngk 
the  next  in  size,  sand  of  the  second  order  ;  and  so  on. 

This  sand,  when  it  inflames,  emits  a  light  exceedingly  Tirid.     It 

h  werj  surprising  to  see  fragments  of  this  matter  no  bijrger  than  a 

poppy  seed,  (brm  all  of  a  sudden  luminous  flowers  or  sLirs,  12  and 

15  lines  in  diameter.      These  flowers  are  also  of  different  form, 

accordiog  to  that  of  the  inflamed  grain,  and  eren  of  difl*erent  coloara 

according  to  the  matters  with  which  the  grains  are  mixed.     B«t 

rockets  into  which  ihis  composition  enters,  cannot  be  long  pre. 

aerred,  as  those  which  contain  the  finest  sand  will  not  keep  longer 

than  eight  days,  and  those  which  contain  the  coarsest,  fifteen.   The 

following  tmbles  exhibit  the  proportions  of  the  different  ingi 

for  rockets  of  from  12  to  56  puna  is. 


For  red  Chinese  Jire* 


Calibres. 
Foondt. 


13  to    16 

18  to   21 

K4  to   36 


Saltpetre. 
Pounds. 


1 
1 
I 


Sulphor.  [Charcoal. 


Ounces. 


3 

3 

4 


Ounces. 


4 
5 
6 


For  zchiie  Chinese  Jire» 


Sandofthe 

1st  order. 

oz«      dr. 


7 
7 

I  8 


8 


Calibres. 
Poonds. 


m  to  15 
118  to  91 
H4  to  36 


Saltpetre. 
Pounds. 


1 
1 
1 


Bruised 

Gunpowder 

Ounces. 


11 
11 


Charcoal. 


oz. 


dr. 


7 
8 
8 


8 


8 


Sanciofthe 

3d  order, 
oz.       dr. 


11 
11 
12 


8 


When  tbeae'jnatenals  hare  been  weighed,  the  saltpetre  and  char, 
coal  most  be  three  times  sifted  through  a  hair  siere,  in  order  that 
they  may  be^well  mixed  :  the  iron  sand  is  then  to  be  moistened  with 
good  bnndyi  to  make  the  sulphur  adhere,  and  they  must  bf 
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thoroughlj  incorporated.  The  sand  thus  suiphnred  mnst  be  spicad 
oyer  the  mixture  of  saltpetre  and  charcoal,  and  the  wlmle  must  bt 
mixed  together  by  spreading  it  o?er  a  table  with  a  spatnbu 


CHAP,  V. 


OP   TUX   FURNITURE  OP   EOCKETS. 


X  HE  upper  part  of  rockets  is  generally  furnished  with  some 
composition,  which  taking  fire  when  it  has  reached  to  its  greatest 
height,  emits  a  considerable  blaze,  or  produces  a  loud  report,  and 
yery  often  both  these  together.  Of  this  kind  are  saucissons, 
marroons,  stars,  showers  of  fire,  &c. 

To  make  room  for  this  artifice,  the  rocket  is  crowned  witii  a  part 
of  a  greater  diameter,  called  the  pot.  The  method  of  making  this 
pot,  and  connecting  it  with  the  body  of  the  rocket,  is  as  follows. 

The  mould  for  forming  the  pot,  though  of  one  piece,  must  consist 
of  two  cylindric  parts  of  different  diameters.  That  on  which  the 
pot  is  rolled  up,  must  be  three  diameters  of  the  rockets  In  length, 
and  its  diameter  must  be  three  fourths  that  of  the  rocket ;  the 
length  of  the  other  ought  to  be  equal  to  two  of  these  diameters,  and 
its  diameter  to  |  that  of  the  rocket. 

Ha?ing  rolled  the  thick  paper  intended  for  making  the  pot,  and 
which  onght  to  be  of  the  same  kind  as  that  used  for  the  rocke^ 
twice  round  the  cylinder,  a  portion  of  it  must  be  pinched  in  that 
part  of  the  cylinder  which  has  the  least  diameter  :  this  part  mnst 
be  pared  in  such  a  mannei;,  as  to  leaye  only  what  is  necessary  for 
making  the  pot  fast  to  the  top  of  the  rocket,  and  the  ligature  most 
be  co?ered  with  paper. 

To  charge  such  a  pot,  attached  to  a  rocket :  haying  pierced  three 
or  four  holes  in  the  double  paper  which  coyers  the  yacuity  of  the 
rocket,  pour  orer  it  a  small  quantity  of  the  composition  with  which 
the  rocket  is  filled,  and  by  shaking  it,  make  a  part  enter  these 
holes  ;  then  arrange  in  the  pot  the  composition  with  which  it  is  to 
be  charged,  taking  care  not  to  introduce  into  it  a  quantity  heayier 
than  the  body  of  the  rocket. 
Tho  whole  must  then  be  secured  by  means  of  a  few  small  balls  of 


pkh  piper  CMi—twl  u<  id  cdn*  i  if  a  fm 
hat  added  to  il,  the  rockrt  «ill  tkc*  k  m 
I  W«  sIhII  ■«••  give  an  ■mi— <  •<  ik 
tpliich  such  rockcb  u«  iMdcd. 

ia  s  Eig-ug  fors  whfcmt  Hcnutiag  to  «  p<MC  tii^H      Tk  «h^ 

Ipositna  sf  tl>pm  is  ntarij  iW  Mae  as  ttal  W  racfcan  ;  ami  lk«*v* 

e  notUng  more  ii  mtcemrf  ttaa  !■  itteMiat  tfe  pmpartiB 

I  cofutnctioii  of  Ike  cartridgr,  which  b  m  Ulwwt. 
The  length  or  the  carlnd<t-aw7  be  ahMi  4  iacbn;  it  HHl  ke  NOtJ 
tettDtl  a tticfc  Mtsevhat  hr,cr  thaa  tke  barrel  iif  ■  giiai  fiBl.  mA 
tStn  briag  ehoakcd  at  ooe  of  iu  rnd»,  &U  it  with  AeeoMpMilMaa 
Httlebeyoad  hi  Middle,  and  (heapaichii  m>»  loleanaiMaJlaptb 
tan.  The  fcouJiMler  nasi  be  filled  viih  gnia«4  pvwdec,  whkfc 
I  make  a  report  vh^n  it  bnnti.  LaMJf,  dH«k  the  tmttriigt 
mtinrly  towards  the  eitreaittjr  ^  and  at  the  other  estremiCf  pCv*  > 
tnin  of  nobt  powder,  to  >hkh,  if  kre  be  applied,  it  w£)  be  «•■ 
■aiucat«d  lk>  the  compotition,  aad  cavM  the  whole  Ui  rise  ia  i)m 
dr.  The  terpent,  U  it  fail*  will  uake  tntwii  tnnis  ia  a  lij-lV 
directian,  till  (he  Gre  b  coiaiDBiiicated  to  tbe  grained  powiler ;  o^ 
Wfaich  it  will  barst  with  a  loud  report  before  it  (alls  ta  the  grond. 
ir  the  serpent  be  not  choaked  towards  Ifae  middle,  instead  oC 
!4M*iDg  in  a  sig-iag  direction,  it  will  ascend  and  docend  with  ta 
'  Vadolaling  motion,  and  then  bunt  as  before. 

The  raitridgesof  ^rpi-nta are  geaerallf  made  wilb  plaving  cud*. 
These  cardi  are  rolled  round  a  rod  of  ima  or  hard  wood,  t.  littte 
larger,  as  already  said,  than  the  barrel  qf  a  goose  qaill.  To  ci>n> 
fine  the  card,  a  piece  of  ilrong  paper  is  cemealed  over  it. 

The  length  «f  the  muuld  muii  be  proportiar  ■'^  to  that  of  tha 
I  cards  emplojred,  and  the  piercer  of  (he  nipple  m  -l  be  three  or 
fear  lines  in  length.  These  serpents  are  loadvd  wiih  bniiied  pow- 
der, tailed  onl^  with  a  verv  si-iall  quanCiljr  of  chan-oal.  To  in- 
•  fvodace  tha  conpoiitlon  into  the   cartridge,  a  quill,   cut  into  tha 
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d?6  MARROOMS.— *^AUCISS0N9* 

form  of  a  spoon,  may  be  employed :  it  roust  be  rammed  down  b^ 
tneans  of  a  smali  rod,  to  which  a  few  strokes  are  giren  with  a  smatT 
mallet. 

Wheu  the  serpent  is  half  loaded,  instead  of  pinching  it  in  that 
part,  you  may  introduce  into  it  a  vetch  seed,  and  place  granulated 
powder  above  it  to  fill  up  the  remainder.  Above  this  powder  place 
a  small  pellet  of  chewed  paper,  and  then  choak  the  other  end  of 
the  cartridge.  If  you  are  desirous  of  making  larger  serpents,  ce* 
roent  two  playing  cards  together ;  and,  that  they  may  be  managed 
kith  more  ease,  moisten  them  a  little  with  water.  The  natch  coo. 
lists  of  a  paste  made  of  braised  powder,  and  a  small  quantity  of 
water. 

aECTION    XI. 

Marroom* 

Marroohs  are  small  cubical  boxes,  filled  with  a  compodtion 
proper  for  making  them  burst,  and  may  be  constructed  with  great 
ease. 

Cut  a  piece  of  pasteboard,  according  to  the  method  taught  in 
geometry  to  form  the  cube ;  join  these  squares  at  the  ed|ges,  leaving 
only  one  to  be  cemented,  and  fill  the  cavity  of  the  cube  with  grained 
powder  I  then  cement  strong  paper  in  various  directions  over  this 
body,  and  wrap  round  it  two  rows  of  pack*^hread,  dipped  in  strong 
glue ;  then  male  a  hole  in  one  of  the  cornenr,  and  introdoce  inta 
It  a  match. 

If  you  are  desirous  to  have  luminous  marroons,  that  is  to  Uf 
maroons  which,  before  they  burst  in  the  air,  emit  a  brilliant  light^ 
cover  them  with  a  paste  the  composition  of  which  will  be  given 
hereafter  for  stars ;  and  roll  them  in  pulverised  gunpowdeX|  tw 
serve  as  a  match  or  communicatioa, 

iECTlOK  111* 

Saucisionf» 

MAmaooNS  and  saudssons  differ  from  each  other  only  b  dlet^ 
form.  The  cartridges  of  the  latter  are  round,  and  must  be  onlj 
Aur  timet  their  eoUerior  diameter  in  leiigtlu    Tbejr  are  choaktdat 


( 


one  end  in  tb«  um&  manner  as  a  rockpt;  and  a  pellet  of  paper  H 
dritf-D  into  the  ap^rlar^  which  has  bef'O  left,  in  order  to  611  it  ap, 
Thej  are  then  charged  with  grained  powder,  above  which  is  placed 
•  ball  or  paper  gently  preised  down,  to  prevent  the  powder  from 
bc^ng  bruited;  thi'  second  end  of  the  sauciiison  being  afterwards 
cboakcd,  the  edges  are  pared  on  both  (>ides,  and  (he  h  hole  i»  oou 
▼crrd  wiih  several  turns  of  pack-ihread,  dipped  io  strong  glue,  and 
then  left  to  dry. 

Wfcen  ynu  are  desirous  of  charging  Ibem,  pierce  i  bole  in  one  of 
the  endi  ;   and  apply  a  match,  in  the  same  manner  u  to  marroonti 

BECTIOH   tV. 

Stan. 

Staks  are  ^mall  globes  of  a  composition  wbicb  emits  a  brilliant 
lijhl,  that  may  be  compared  (o  the  li^ht  of  the  stais  in  the  heavens. 
These  balls  are  not  larger  thin  ■  nuimfg  or  musket  liullel,  and 
when  put  into  the  rockets  ma«l  tit  wrajiptd  up  in  tow,  prepared 
for  ihit  purpoK.     The  cumpotilion  of  Ih'-se  stars  is  as  folloHs. 

Ti>  a  pound  of  6oe  gunpowder  well  pulverisfd,  add  four  pi>undf 
ofaatlpetre,  and  Iwu  pofndsof  suljihur.  When  these  ingredients 
Kre  ihoroDghly  inrorporaled,  take  shout  the  glie  of  a  nutntPff  at 
this  miature,  and  haiinfi  wrapt  it  up  in  a  piece  of  linen  rag,  or  of 
paper,  (otia  it  into  a  ball ;  Ihm  tie  it  closely  round  with  a  jibcIc- 
thread,  and  pierce  a  hule  through  the  middle  of  il.  sufficiently  large 
l»  tecrive  a  p'ece  of  pr^-partd  tnw,  which  will  serve  as  a  match. 
This  (tar,  when  lighted,  xill  exhibit  a  must  braotiful  a|ipp3rance} 
brvides  lb«  fire,  as  it  issues  from  the  tuu  inds  o(  the  hole  in  Iha 
Middle,  will  extend  to  a  greater  dislaucr,  and  make  it  appear  much 
larger. 

1(  you  are  desirous  to  employ  a  moht  composition  in  the  ferm 
of  a  paste,  instead  of  a  dry  one,  it  will  noi  he  neiess^ry  to  wrap 
ap  the  (tat  in  >ny  thing  bat  prepared  tow  ;  because,  «  h«u  made  of 
•uch  paste,  it  can  ri'tain  itsi  spherical  fiiiure,  t  here  will  bf-  no  need 
tlfo  of  piercing  a  hole  in  il,  to  receive  the  match  ;  becausi',  when 
newly  made,  and  con'-equtnlly  moist,  it  may  be  rolled  in  pulve. 
ritrd  gunpowder,  which  will  adhere  lo  il.  This  powder,  when 
kindled,  will  wrve  as  a  match,  ami  inAame  the  compositiuti  of  th« 
ilar^  wUch  io  falling  will  (orm  itself  Into  tears. 


Another  method  of  making  Roekeii  with  Stan. 

Mix  three  ooncet  of  sallpetre,  with  ose  ounce  of  tolphnr,  and 
two  drmns  of  palrerised  gaapowder ;  or  «iix  foor  ovnoes  of  ftti* 
phir,  with  the  Mine  qaaatity  of  saltpetre,  and  eight  onneet  of  paU 
Terised  gunpowder.  When  these  materials  hare  been  weUsHMy 
besprinkle  them  with  brandf ,  in  which  a  little  gum  has  bean  dis» 
solved^  and  then  make  np  the  star  in  the  following  manner. 

Take  a  rocket  monid,  eigjht  or  nho  finea  In  diameter,  and  Inlro- 
doce  into  It  a  nipple,  the  piereer  of  which  is  of  a  noifiim  she 
throaghonty  and  eqoal  in  length  to  the  height  of  the  monUL  Pat 
into  this  mould  a  cartridge,  and  by  means  of  a  pierced  rod  load  it 
with  one  of  (he  preceding  compositions ;  when  loaded,  take  H  from 
the  mould,  without  remoring  the  nipple,  the  piercer  of  whidi  passes 
through  the  composition,  and  then  cut  the  cartridge  qnile  roond 
into  pieces  of  the  thickness  of  three  or  four  Ones.  The  cartridge 
being  thus  cut,  draw  out  the  piercer  gentlj,  and  the  pieces,  which 
resemble  the  men  employed  for  playing  at  drafts,  pierced  Arongh 
the  middle,  will  be  stars,  which  must  be  filed  on  a  match  thread, 
which,  if  you  choose,  may  be  corered  with  tow. 

To  giro  more  brilliancy  to  stars  of  this  kind,  a  cartridge  thi^er 
flian  the  abore  dimensions,  and  thinner  than  that  of  a  flytng.rocket 
of  the  same  sise,  may  be  employed ;  but,  before  It  Is  cut  into 
pieces,  fire  or  six  holes  must  be  pierced  in  the  circumference  of 
each  piece  to  be  cut.  When  the  cartridge  is  cut,  and  the  pieces 
hare  been  filled,  cement  orer  the  composition  small  Uti  of  card, 
each  baring  a  hole  in  the  middle,  so  that  these  holes  may  oonrespoad 
to  the  place  where  the  composition  Is  pierced. 

REMARKS* 

1.  There  are  s^reral  other  methods  of  miking  stars,  which  it 
would  be  too  tedious  to  describe.  We  shsit  therefore  only  shew 
how  to  make  Stoilei  i  petj  or  stars  which  gi? e  a  report  as  load  as 
that  of  a  pistol  or  musket. 

Make  small  saucissons,  as  taught  in  the  third  section ;  only,  it 
will  not  be  necessary  to  cover  them  with  pack.thread :  it  will  be 
sufficient  if  they  are  pierced  at  one  end,  in  order  that  ]roa  may  tie 
to  H  a  star  constructed  according  to  the  first  method,  tiie  compos!* 
tion  of  which  is  dry;  ibr  if  the  composition  be  in  the  fbrm  of  a 


|»se(,  Acre  wilt  be  BO  need  to  tie  h.  '-'-^Vt  ■■  fci  Miii^j  jf 
that  case,  imt  to  li-m  tRte*  man  ^  Om  ftpittmaam  ^^  ^A. 
of  (be  uiicisson  vhicb  hat  been  pierced,  for  Ik  jmtft^tltmla^ 
dscing  (be  composition ;  aad  t»  |daoe  !■  Ike  neMl7,  IsaMA^M 
■eck  or  (ke  nadsioB,  kmm  gnimed  powder,  wivfc  wH  tamm^^ 
c*le  ire  lo  the  savdMOB  wbea  Ae  rinwii  MJIin-n  k  co^nne^  ^ 

S.  As  Ibere  are  moe  i(an  wU^  is  tke  cad  brpiMi  p**"*!^ 
«ll]en  maj-  be  ouJe,  wUdi  dnU  endade  wilk  becaai^  iiniiidi 
Bat  lliu  aay  be  »o  e«{l j-  conoejrcd  aod  cwricd  arts  iiiiiMJiw,  ifa^  J 
h  woald  be  toting  tiie  f  eaU^e  fartber  —  tbe  «i)ert.    Wcda^  I 
•nly  obcerre,  tbat  tlteve  ttan  are  ■•(  •■  tm,  hnriii   it  ii  t~ 
for  a  rodet  to  carry  tbem  t«  a  eaandenfeie  bei^  ia  tbe  aar: 
difflinUb  tbe  ellKt  of  tbe  rocket  w  WCJM,  aad  sad 
f  nired  to  make  tbeia. 

SECTIO.t    T. 

S hotter  «f  F^rt. 

To  fom  a  ibower  of  fire,  moold  unatl  paper  nrtridget  oa  m   I 
iron  rod,   two  line*  and  a  balf  io  diameter,  and  nuke  Unetn  tmm 

iacbes  and  a  half  in  length.     Tbej  mnst  oot  be  cboaked,  at  it  w9 
be  inSicient  lo  twitt  the  eod  of  tbe  cartridge,  and  haTJog  pat  tbo 
rod  iato  it  to  beat  it,  in  order  to  make  it  ustime  iu  form.     Wbea 
tlte  earfridgei  are  filled,  which  it  done  b^  iiBmentng  tbem  in  tba    | 
Umpoailioa,  fold  down  the  other  end,  and  then  eppl;  a  matcbc    I 
The  funritsre  will  fill  the  air  wilk  an  Dndulating  fire.     The  follow    ' 
bg  are  tome  of  the  compoilliont  proper  for  stars  of  this  kind.        ' 

CftVncre^re.—PnlTerised  gunpowder  one  poond,  snlpbor  (war 
Oancei,   iron  sand  of  the  first  order  fire  onnces.  ' 

Jacrenf  jSr«.— Pulreri&ed  gunpovder  one  pound,  charcoal  twtf    i 


BrilliaiJ^fire, — PuWerUed  gunpowder  one  poDDd,   iron  filii>|t   y 
our  onnces. 
The  Ckioefc  fire  ii  certaialy  the  most  beaBtifuI. 
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SBOTION  VI. 

OS  Sparku 

Sfabks  differ  from  stars  only  in  their  size  and  daration ;  for  tliej 
^xt  made  smaller  than  stars ;  and  are  consumed  sooner.  They  art 
made  in  the  following  manner* 

Haring  pot  into  an  earthen  vessel  an  ounce  of  pulverised  gnu. 
powder,  two  ounces  of  pulrerlsed  saltpetre,  one  ounce  of  liquid 
saltpetre^  and  four  ounces  of  camphor  reduced  to  a  sort  of  farina, 
pour  over  this  mixture  some  gum.water,  or  brandy  in  which  guou 
adraganth  or  gum^rabic  has  been  dissolved,  till  the  composition 
acquire  the  consistence  of  a  thick  soup*  Then  take  some  lint 
which  has  been  boiled  in  brandy,  or  in  vinegar,  or  eren  in  talU 
petre»  and  then  dried  and  unravelled,  and  throw  into  the  mixturfi 
puch  a  quantity  of  it  as  is  sufficient  to  absorb  it  entirely,  takiqc 
care  to  stir  it  well. 

Form  this  matter  into  small  balls  or  globes  of  the  size  of  a  pea  ; 
and  having  dried  them  in  the  son  or  the  ^hade^  besprioklo  then 
with  pulyeraed  gunpowder^  in  order  thaf  they  may  ihe  aa^ro  reif 
^iir  cftch  firo« 

Anoihtr  Method  of  making  Sparki. 

Take  the  saw.dust  of  any  kind  of  wood  that  burns  readily,  anch 
as  fir,  eldtfr.tree,  poplar,  laurel,  &c.  and  boil  it  in  water  in  whick 
saltpetre  has  been  dissolved.  When  the  water  has  boiled  some  timt^ 
take  it  from  the  fire,  and  poor  it  off  in  such  a  manner  that  tb^ 
saw-dust  n^ay  remain  in  the  vessel.  Then  place  the  saw*diist  on 
a  table,  and  while  moist  besprinkle  it  with  sulphur,  sifted  throagd 
%  lery  fine  sieve :  you  may  add  to  it  also  a  little  bruised  gun* 
powder.  Lastly,  when  the  saw.dust  has  been  well  mixed,  leftTf^  ^ 
\q  4ryj  and  make  it  into  sparks  as  above  described^ 

SECTION  Yil. 

Of  Golden  Rain, 

Tnaa  are  some  flying  rockets  which,  as  they  fall,  make  mall 
^ndoletions  in  the  air  like  hair  half  frizsled.  These  are  railed 
Ju9ie9  chevelues^  bearded  rocketa;  they  finish  wit||  a  kind  of 


CpOBASTlBC. 
td>0««T  «f  hrtf  wiach  h  caB«d  gtUtm  nin.     Tka  ■ 

Fill  tb*  bamb  of  Mwe  goose  qoOb  »ith  tfe  ce«pMti 
iof -rackcl*,  Bad  pUea  apMi  the  Mo^h  «l  «k^  a  bcUe  ■ 
pD«der,  boik  to  krtp  !■  ike  ompMitio*,  lad  !•  •>»«  h 
If  a  fljiBg-rocket  bt  (ben  Iwded  with  tittat  fuDs  tkcjr  ariB  p».  1 
dace,  at  the  end,  aTcry  agrM^Uerinvcrcf  fa^wkidvaaeooMI  J 
pf  iu  beagl^  bu  beea  called  galde«  nn. 


..fIjWl 


ttr  SOMB  BOCXBTS  DIFPEKBUT  IM  TMUK  BPrECT  VtOM 

COHMOS   EOCKBTB. 


Oetekal  vfrfinnsiRg  and  iDgnrioiu  works  are  made   bj  neia 
of  sifflpte  roclEFb,  of  which  it  it  necetsarj  that  we  dwslil  here  giw   i 
(be  reader  MBie  idea. 


Of  Couranlint,  or  Rockets  ahichjiif  along  a  Rope, 

X  COKMaH  rocket)  which  faowerer  ought   mt  to  be  very  targi^ 

■nay  be  made  lo   ma   alonf  an  esteaded  rope.      For   thU  pmpoM^   | 

I  the   rocket  an  emplf  cartridge,   and  JDlrodnce  mto  it  th* 
'Kope  which  it  to  carry  it ;  pUcinx  the  head  of  the  rocket  toward! 

it  ude  OD  which  yon  intend  it  to  moTe :  if  jou  then  set  fire  to  tl 
tocket,  adJBited  in  Ibis  manner,  it  will  run  along  the  rope  withoirf   I 
>top^ng,  till  the  matter  it  rontaiui  is  entirEly  extiBDsted. 

I  r  yon  are  di'sirous  that  the  rocket  gbonld  moTe  in  a  relrograds  1 
direction ;  fint  fill  one  half  of  it  with  the  compo^iitLOu,  and  courr  It  I 
iritb  a  small  round  piece  of  wood,  to  «er*e  as  a  partition  between  it  ' 
and  that  pat  into  the  other  half;  then  make  a  hole  below  this  psra 
titioti,   so  as  la  correspond  with  a  imall   canal  filled  with  bruised 
powder,  and  terminating  at  the  other  pod  of  the  rocket :  by  these 
ineini  the  Bre,  when  it  ceases  in  the  first  half  of  the  rocket,  will  be 
praupOBieated  Ihrongh  the  hole  into  Ibe  Bmall  canalj  which  ffitf 
44 
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conrey  it  to  tlM  other  end  ;  tod  this  end  being  tlmi  kindled,  tte 
rocket  will  move  backwards,  and  return  to  the  place  from  whidi 
It  set  out. 

Two  rockets  of  equal  size,  bound  together  by  means  of  a  pieee 
of  strong  pack-thread,  and  disposed  in  such  a  manner  that  thekefli 
of  the  one  shall  be  opposite  to  the  neck  of  the  other,  that  when  tte 
fire  has  consumed  the  (ompos>tion  in  the  one,  it  may  be  commuA 
cated  to  that  in  the  other,  and  oblige  both  of  them  to  move  in  a  re» 
trograde  direction,  may  also  be  adjusted  to  the  rope  b>  means  of  a 
piece  of  hollow  reed.  But  to  prevent  (he  fire  of  the  former  from 
being  cumtnunicated  to  the  second  too  soon^  they  ought  to  be  co» 
vered  with  oil-cloth,  or  to  be  wrapped  up  in  paper. 

REMASK. 

Rockets  of  this  kind  are  generally  employed  for  setting  fire  to 
yarious  other  pieces  when  large  fireworks  are  exhibited ;  and  to 
rend*  r  them  more  agreeable,  they  are  made  in  the  form  oldifiereot 
aiJiP>als,  sj^'i  as  serpents,  dragons,  Sec;  on  which  accoont  they 
art  I  ^iWi^Jiifing  dragonsm  These  dragons  are  iwj  amnsiBg,  mp^ 
cially  when  filled  with  Tarious  compositions,  such  as  goUeo  raioy 
longhair,  Sic.  They  might  be  made  to  discharge  serpcats  frooi 
their  mouths,  which  would  produce  a  very  pleasing  effect,  and  glye 
them  a  greater  resemblance  to  a  dragon« 

SECTION  II. 

Rockets  tehich  Jijf  along  a  Rope^  and  turn  round  at  the  same 

time. 

Nothing  is  easier  than  to  give  to  a  rocket  of  this  kind  a  rotary 
motii>.i  around  the  rope  along  which  it  advances ;  it  will  be  soffi- 
cient  for  this  purpose,  to  tie  it  to  another  rocket,  placed  in  a  trans- 
vrf'^i!  direction.  But  the  aperture  of  the  latter,  instead  of  being 
at  thi-  bottom,  ought  to  be  in  the  side,  near  one  of  the  ends.  If 
both  rockets  be  firei)  at  the  same  time,  the  latter  will  make  the 
Dthtr  revolve  around  tdv  rope,  while  it  advances  along  it. 

SECTION    III. 

0/  Rockets  which  burn  in  the  Water. 

Though  fire  and  water  are  two  things  of  a  very  opposite  nrntaro^ 
.tile  rockitb  above  deM»ibed,  when  set  on  fire^  wiU  bvrn  mid  pm. 


'WATBI  BOCIBTS. 

4ueihei(«4Mt  even  in  tbe  water;  bmtvlb^  mm^rm^ 
vater,  the  pleasarc  of  Kcin;  Ikw  a  Ihi  ;  Im  Ai*  vbmk, 

repaired  (o  cause  rocket*  tv  bars  »  (hejSMtaBMC'W 
4iill  be  oectsuTj  to  make  S4 
^toalds,  and  tk«maleria!iaf  vhirk  Arj  wet 

In  regard  tolbe  mould,  it  mmy  bengM«riMe  ii 
id    an    inch   in  diameter:    the  Tors* r,  •■  atkft  the  a 
nlled  Rp.  my  be  nine  linea  in  ( 
tte  cartridge   moit  ai  uaal  be  « 
Ottridge,  there  n  m>  aecd  for  a  piercer  « 

Tlie  romposition  Baybeawfeiatwavan;  lorUUhcn^mnA 
Ikat  (he  rocket,  while  bnmiog  aa  (be  water,  ahBaU  appear  aa 
fcti|rht  as  ■  caadle,  it  mult  be  eompmrd  ci  three  ^H  i  iiL  miaid 
iBgelher,  lis.  three  oancei  of  paheritrf aad  wfteJ  gm^/mm4er,  o— 
paond  of  taltp«tre,  and  muM  oaacta  at  Htphar.  Bal  iT  r"w  ■** 
Irtrrout  that  tt  sboaU apptarow (be  wator  wiA  a  biialiTal  taO, tta 
tomiioaitioii  anut  coniJM  of  eight  oaaces  al  gaapowder  palmiwJ 
Lfted,  one  poaad  of  ultpetre,  ei^  ontcet  «<  paaaaed  aad 
rifted  Mtlphar,  aad  two  oa<ice«  of  charcoaL 

Wben  tfce  aMapodtian  has  been  pr*pared  accordh^  to  (bMe  ftm^ 
pVrtioDf,  tad  the  rocket  has  been  filled  io  the  laaancr  Move  4a. 
Mribod,  apply  a  naciiMD  to  the  end  of  it ;  aad  baring  covered  tba 
TDcket  witb  wai,  black  pitch,  reria,  or  anj  other  aohrtaace  ca. 
fable  of  preventing  the  paper  froH  beiag  spoiled  la  the  water^ 
■tiach  to  it  a  smalt  rod  of  white  willow,  abovt.  (wo  feet  in  Irasthp 
ttit  th«  rocket  may  conreaieatl;  Boaf. 

If  il  be  required  that  tfaeie  rockets  sbonid  plunge  dowa,  ami 
■in  rue  vp  ;  a  certaio  qaaatity  of  palreriMd  gunpowder,  with* 
taoj  aistare,  mast  be  introdaced  into  thes,  at  certain  di*> 
IS,  each  for  eiamplt,  as  two,  three,  or  foar  liaea,  according 
tha  aise  of  the  cartridge. 

I .  SnaU  rackets  of  (his  kiod  may  be  made,  withonl  changing  the 
Boiild  or  oonpoiilion,  in  several  different  wajs,  which,   for  iha 

.»  of  breyitj,  we  are  obliged  to  omit.  Socb  of  oor  readers  u 
Iffc  desirous  of  fuTthrr  information  on  (his  subject,  may  coasnlt 
thoH  aathors  who  hare  written  expressly  on  pyrotechny,  some  of 
irkan  w«  shall  mention  at  the  end  of  tUs  book. 

9.  Ilil  poaaiUe  also  to  make  a  locket  which,  after  it  has  burnt 
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f  tome  time  on  the  water,  thall  IhrDw  oul  sparks  and  starts  snd  thesft 
■  Tier  Ihey  calcb  lire  shall  ascrnd  ialo  ibe  air.  This  tuny  be  dune 
by  dividtDg  the  rocket  into  two  parU,  by  means  of  a  rouud  piece 
of  wood,  having  a  hole  in  the  middle.  The  up[)<'r  part  must  be 
Gllrd  with  the  U»ual  compoeilioii  of  rockelj,  and  the  lower  with 
Stars,  ithich  must  be  piiicd  »iib  grained  and  pulverised  gun. 
powder,  &c. 

3.  A  rocket  which  Likes  lire  in  the  watcrj  aoJ*  after  burning 
there  half  the  lime  of  iU  durMioii,  mounts  inlo  (he  air  Mith  great 
velocity,  may  be  ronstnicted  io  the  following  manner. 

T«k«  a  llyiDg  rocbel,  furnished  with  its  rod,  and  by  means  of  a 
liKle  glue  atiacb  il  to  a  water  rocket,  but  only  at  the  middle,  id 
such  a  manner,  that  llie  laller  shall  have  ilt  ner.k  uppermost,  and 
Ui<>  other  its  neck  donnwanl.  Adju&t  to  Iheir  extremity  a  email 
tube,  to  commvoicBle  the  fire  from  the  one  cud  to  the  oiher,  and 
coter  both  w  ith  a  coating  of  pitch,  was,  &c.  Ibat  tlicy  may  not  be 
damaged  by  the  water, 

Th«a  attach  U>  the  flying  rocket,  after  it  Las  been  thus  cemented 
to  the  aquatic  one,  a  rod  of  the  kind  described  in  the  secood  ar. 
ticlej  and  suspend  a  piece  of  pack-thread,  to  supjiort  a  musket 
bullet  made  fast  to  (he  rod  by  means  of  a  neidle  or  bit  uf  iroq 
wire.  When  llicse  arrangements  ha>e  been  madej  set  fire  to  tbe 
part  after  the  rocket  ii  in  the  water ;  and  whta  the  composition  If 
consumed,  the  fire  will  he  communicated  through  the  small  tube  to 
the  other  rocket:  the  litter  will  then  rise  and  lease  the  ether, 
which  will  not  be  able  to  follow  it  on  account  of  tfie  neight  i^- 
fecrinfito  it> 


SECTION  IV. 
Pg  meant  of  Rockrit,  to  represent  leveral ^figuret  in  the  Air, 

If  several  small  rockets  be  placed  upon  a  large  one,  their  rods 
being  fixed  aroond  the  large  cartridge,  which  b  usually  attached  la 
the  head  of  the  rocket,  to  cuntiin  what  it  is  destined  to  carry  up 
into  the  air;  and  if  thesesmall  rockets  beseton  fire  while  thebrge  1 
one  il  ascending,  they  will  represent,  in  a  very  agreeable  manner,  j 
■  tree,  (he  trunk  of  which  will  be  the  large  rocket,  and  tbe  brancheil 
the  small  ones. 

If  these  small  rockels  lake  fire  when  the  large  one  is  half  burne^ 
in  the  air,  Ibcy  will  repiesent  a  cornel;  and  whca  the  large  o 


Mtirely  inverted,  30  that  its  head  bei^ins  to  point  downwards, 
OiJer  to  foil,  they  will  reprP!>fiit  a  kind  of  fiery  fouolaia. 

Jf  the  barrels  of  several  quills,  filled  with  the  composition  ot    I 
Jlying  rockets,  as  aborc  descrilieH,  be  placed  on  s  l«r^e  rocketj 
U      when  Iht^e  quitis  carch  fire,   Ihey  will   represenl,   to  an  eye  placed 
below  them, a  btuulirul  fhower  of  fire,  orof  half  rrfizledbair,  if  th(   | 
pye  be  placed  on  one  side. 

f{  sereral  serpents  be  attached  to  the  rocket  with  n  piece  of  { 
^ck. thread,  by  llie  cndt  ihat  do  not  ratch  fire ;  and  if  the  pack* 
l^reatl   l>e  tullered  to  hang  down   two  or  three  inches,  between' 
CT«Ty  tMu,  this  arrangeaivnt  nill  produce  a  farietv  of  agreeable  Bn4t  J 


A  Rocket  nhich  aicendi  in  the  Form  of  a  Serex. 
K  KTRAicuT  rod,  8s  experience  shews,  makes  a  Focket  aiceii4>  J 
perpendicularly,  and  in  a  straight  line  :  it  may  be  compared  to  tb^  J 
rudder  of  a  ship,  «r  the  tail  of  a  bird,  the  effect  of  which  is  (o  i 
tiie  reijel  or  bird  turn  towards   that  side  to  which  it  is  inclined  K  1 
if  ■  b«nt  rpi)  tbereforr  be  aitached  to  a  rocket,  its  first  effect  wQllJ 
be  to  make  the  rocket  inci  ne  towards  ttiat  side  to  which  it  is  bentji  1 
but  its  centre  of  grafity  bringing  it  afterwards  into  a  f erticul  sits, 
aijon,  the  result  of  the!<e  inoupposite  efforts  will  be  thai  the  rocket< 
viil  ascend  in  a  tig.lag  or  spiral  form.      In  this  case  indeed,   as  ili   ' 
displaces  ■  greater  ?o[ame  of  air,  and  describes  a  longer  tine,  i|t  I 
■ill  not  ascend  so  high,  as  if  it  hod  been  impelled  in  a  straight  dhT  I 
section  ;   but,  on  account  of  (he  singularity  of  (his  motion,  it  will< 
jtrodace  an  agreeable  effect. 


CHAP.  Vi[. 

pF  GLOBES  AND  PIIIE  BALLI. 

Wslitfe  httherto  spoken  only  of  rockets,  and  the  diSerentkindl 
of  worka  which  can  be  constructed  by  their  means.     But  there  ar«,'  J 
f  great  many  other  fireworks,  the  nioit  lemarktble  of  which  w* 
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rinll  iwre  daicribt.  AflMMigthtM  are  globes  and  fire  balli;  someof 
which  are  hitoided  to  produce  their  effect  in  water ;  othera  bj 
reeling  or  leaping  on  the  ground;  and  somey  whicli  are  called 
bombSy  de  the  lame  in  the  air. 

SECTION  I. 

Globes  which  burn  on  the  Water. 

These  globes,  or  fire  balls,  are  made  in  three  different  forms  ; 
spherical,  spheroidal,  or  cylindrical ;  bnt  we  shall  here  confine 
ourseWes  to  the  spherical. 

To  make  a  spherical  fire  ball,  construct  a  hollow  wooden  globe 
of  any  size  at  pleasure,  and  lety  round  both  within  and  without^ 
so  that  its  thickness  may  be  equal  to  about  the  ninth  part  of  the 
diameter.  Insert  in  the  upper  part  of  it  a  right  concaye  cylinder, 
the  breadth  of  which  may  be  equal  to  the  fifth  part  of  the  diameter; 
and  baring  an  aperture  equal  to  tlie  thickness,  that  is,  to  the  ninth 
part  of  the  diameter.  It  is  through  this  aperture  that  the  fire  is 
communicated  to  the  globe,  when  it  has  been  filled  with  the  proper 
composition,  through  the  lower  aperture.  A  petard  of  aetaly 
loaded  with  good  grained  powder,  is  to  be  introduced  also  through 
the  lower  aperture,  and  to  be  placed  horizontal!  j. 

When  this  is  done,  close  up  the  aperture,  which  is  nearly  equal 
to  the  thickness  of  the  cylinder,  by  means  of  a  wooden  tompioa 
dipped  in  warm  pitch ;  and  melt  over  it  sudi  a  quantity  of  lend 
that  its  weight  may  cause  the  globe  to  sink  in  water  ;  wUdh  wiO 
be  the  case  if  the  weight  of  the  lead,  with  that  of  tiie  globo  and  the 
composition,  be  equal  to  the  weight  of  an  equal  rolume  of  water.  If 
the  globe  be  then  placed  in  the  water,  the  lead  by  its  gnrily  wBI 
make  the  aperture  tend  directly  downwards,  and  keep  in  a  perpen* 
dicular  direction  the  cylinder,  to  which  fire  must  have  been  pre* 
▼iously  applied. 

To  ascertain  whether  the  lead,  whidi  has  been  added  to  the  globe^ 
renders  its  weight  equal  to  that  of  an  equal  volume  of  water,  rak 
the  globe  over  with  pitch  or  grease,  and  make  a  trial,  by  j^mdag 
it  in  the  water. 

The  composition  with  which  the  globe  must  be  loaded,  la  aa 
follows :  to  a  pound  of  grained  powder,  add  M  pouda  of  laiU 
petie  ittduoed  to  fine  ioor,  8  ponnds  of  sulphur,  1  ounce  of  scnphifli 
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mS  (Toryt  and  8  pounds  of  saw-dust  prefioaslf  boiled  la  a  ialalion 
af  saltpetre,  aod  dried  in  the  shade,  or  in  the  Eun.  ' 

Or,  to  S  pounds  of  bruised  gunpowder,  add  12  pounds  of  salt* 
jwtre,  6  pounds  of  sulphur,  4  pounds  of  iron  lillngs,  and  1  pountf 
■f  Greek  pitch. 

It  a  not  necessary  thst  this  composition  should  be  beaten  so  fina' 
as  that  intended  for  rockels  :  it  requires  neither  to  he  pulTerisetf 
nor  slfled  ;  it  is  sufficient  to  be  well  mixed  and  incorporated.  But* 
ta  prevent  it  from  becoming  too  dry,  it  will  be  proper  to  besprinkla 
ft  with  a  tittle  oil,  or  any  other  liquid  susceptible  of  inQammation. 

SECTION  II' 

Of  Globti  Tthich  leap  or  roll  on  the  Ground. 

1 .  Hatihc  conatrncled  a  wooden  globe  with  a  cylinder,  similar 
to  that  aboTe  described,  and  h.-iving  loaded  it  with  the  same  com* 
position,  introduce  into  it  four  petards,  or  even  more,  loaded  with 
good  grained  gunpowder  to  their  orifices,  which  must  be  well  stop- 
ped  with  paper  or  tow.  If  a  globe,  prepared  in  this  manner,  ba 
fired  by  means  of  a  match,  it  will  leap  about,  as  it  bums,  on  a 
fmoolh  boriiontal  plane,  according  as  the  petards  are  set  on  Gre^ 

Instead  of  placing  these  petards  in  the  inside,  they  may  bf 
atfi^rd  to  the  exterior  surface  of  the- globe ;  which  they  will  make 
to  roll  and  leap  as  tb^y  catch  £re.  They  may  be  applied  in  any 
aaoiter  to  the  surface  of  the  globe. 

3.  K  similar  globe  may  be  made  to  roll  about  on  a  horizontal 
plane,  with  a  very  rapid  motion.     Construct  two  equal  bemispherel'   ] 
sf  pasteboard,  and  adjust  in  one  of  them  tliree  common  rocket! 
IBIcd  and  pierced  like  flying  rockets  that  iiare  no  petard :  Ihesv    | 
rocket!  mnst  not  exceed  the  interior  breadth  of  the  hemisphere^ 
ud  ought  to  be  arranged  in  snch  a  manner,  that  the  head  of  tbr  | 
one  shall  correspond  to  the  tall  of  the  other. 

Th*  rockets  being  thus  arranged,  join  the  two  hemispheres,  by  I 
cemeottng  tbem  together  irith  strong  paper,  in  sach  a  manner  fbaf  4 
they  than  not  separate,  while  the  globe  Is  moving  and  taming,  IT  | 
tii«  lame  time  that  the  rockets  produce  their  effect.  To  set  fire  tff  1 
Ae  first,  make  a  hole  in  the  globe  opposite  to  the  tail  of  it,  and  ia*  ' 
trednce  into  it  a  match.  This  match  will  communicate  6re  to  th* 
first  rocket ;  which,  when  consumed,  will  set  Sn  to  the  second  hj 
■eau  of  anotlieT  match,  and  so  on  to  the  rest ;  so  that  the  globe, 
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if  placed  on  a  smooth  horizoaUl  planei  will  be  kept  in  coatiunn 
motion. 

It  is  her^  to  lie  obserred,  that  a  few  more  holes  most  be  made  in 
the  j{lobe,  otherwise  it  will  burst* 

The  two  hemispheres  of  pasteboard  may  be  prepared  in  tlie  f<ri* 
lowing  manner :  construct  a  tery  round  globe  of  solid  wood,  and 
cover  it  with  melted  wax ;  then  cement  o? er  it  several  bands  of 
coarse  paper,  about  two  inches  in  breadth,  giving  it  several  coati  of 
^is  kind,  to  the  thickness  of  about  two  lines.  Or,  what  will  bo 
Still  easier  and  better,  having  dissoWed,  in  glue  water,  some  of  the 
pnlp  employed  by  the  paper  makers,  cover  with  it  the  surface  of 
the  globe ;  then  dry  it  gradually  at  a  slow  fire,  and  cut  it  through 
in  the  middle ;  by  which  means  you  will  have  two  strong  bemL 
spheres.  The  wooden  globe  may  be  easily  separated  from  the  paste, 
board,  by  means  of  heat ;  for  if  the  whole  be  applied  to  a  strong 
tire  the  wax  will  dissolve,  so  that  the  globe  may  be  drawn  ont^ 
Instead  of  melted  wax,  soap  may  be  employed. 

SECTION  III. 

Of  Aerial  Globes^  called  Bothbi. 

These  globes  are  called  aerial,  because  they  are  thrown  intb 
the  air  from  a  mortar,  which  is  a  short  thick  piece  of  artillery  of  a 
large  calibre. 

Though  these  globes  are  of  wood,  and  have  a  suitable  thicknesS| 
namely,  equal  to  the  twelfth  part  of  their  diameters,  if  too  mnch 
powder  be  put  into  the  mortar,  they  will  not  be  able  to  resist  its 
force ;  the  charge  of  powder  therefore  must  be  proportioned  to  the 
globe  to  be  ejected.  The  usual  quantity  is  an  ounce  of  powder  for 
a  globe  of  four  pounds  weight ;  two  ounces  for  one  of  eightj  and 
soon. 

As  the  chamber  of  the  mortar  may  be  too  large  to  contain 
the  exact  quantity  of  powder  sufficient  for  the  (ire  ball,  which 
ought  to  be  placed  immediately  above  the  powder^  in  order  that  it 
may  be  expelled  and  set  on  fire  at  the  same  time,  another  mortar 
may  be  constructed  of  wood,  or  of  pasteboard  with  a  wooden  bot* 
lorn  I  It  ought  to  be  put  into  a  large  iron  mortar,  and  to  be  loaded 
With  a  quantity  of  powder  proportioned  to  the  weight  of  the  alobe« 

Thb  small  mortar  must  be  of  light  wood,  or  of  paper  pasted  to^. 
fitbtr;  and  rolled  op  in  the  form  of  a  cylinder^  or  trnncalod  com^ 


^  boltom  ticeptfd;  which,  as  already  sai  J,  must  b«  of  irood< 
The  cbnnber  for  (he  powiler  must  be  piercrd  oliliqavly,  with  a 
~  ,11  gimblet ;  to  that  the  aperture  carri^ponitiiig  to  the  aperture 
■f  the  meUl  mortal,  the  fire  applied  to  the  latter  may  be  coDimuoi. 
ted  to  the  powder  m  hich  is  at  the  boltuni  ot  (he  cbiraber,  imme. 
ltd;  b«lo<r  the  gbite.  By  these  means  the  globe  will  catch  fire, 
id  make  an  agreeable  noise  at  it  rises  into  (he  air  ;  but  if  would 
llsurceed  so  well,  if  any  racuily  were  Uft  between  the  powder 
|d  the  globe. 

A  prolile  or  perpendicular  section  uf  su^h  a  globe  is  represented 
r  the  right-angled  parallelogram,  the  breadth  of  which  i>  nearly 
|Da1  to  thi!  height.  The  thickness  of  the  »ood,  towards  the  twv 
des,  ii  equal,  as  above  said,  to  the  twcirUi  part  of  the  diameter  ai 
tt  globe  ;  and  the  thickness  of  the  cotlt  is  double  the  preceding, 
tr  equal  to  a  aiilh  part  of  the  diameter.  The  height  of  (he  cham- 
where  the  match  is  applied,  and  which  h  Iprminated  by  a  semi- 
circle, is  equal  to  the  fourth  part  of  the  breadlh  ;  and  its  breadth 
'h  equal  to  the  sixth  part. 

We  most  here  obserre  that  it  is  dangerous  to  put  wooden  corera 
I  aerial  balloons  or  globes  ;  for  these  coreri  may  be  so  heavy,  al 
to  wound  (hose  on  whom  they  happen  to  fall.  Il  will  be  sufficient 
to  place  turf  or  hay  abore  the  globe,  in  order  that  the  powder  may 
Uperience  some  resistance. 

The  globe  mnst  be  filled  with  sereral  pieces  of  cane  or  cDtmncni 
,9ted,  equal  in  length  to  the  interior  height  of  the  glot>e,  and  charged 
rVilh  a  alow  comciosilion,  madi.-  of  three  ounces  of  pounded  gun- 
powder, an  ounce  of  sulphur  moistened  n  ith  a  small  quantity  of 
^roleoiD  oil,  andtwonunces  of  charcoal ;  and  in  order  that  tbesa 
■feds  or  canes  may  catch  fire  sooner,  and  with  mure  facility,  (hey 
'katt  be  charged  at  the  lower  ends,  nhioh  rest  on  the  bottom  of  the 
f||0be,  with  pulverised  gunpowder  moistened  in  the  same  manner 
'Vhh  pelroleum  oil,  or  well  besprinkled  with  brandy,  imd  then 
dried. 

The  bottom  of  the  globe  ought  to  be  coTered  with  a  little  gun- 
powder half  puWerised  and  half  grained  ;  which,  when  set  on  fire, 
fcj  means  of  a  match  applied  to  the  end  of  the  chamber,  will  set 
ire  to  the  lower  part  of  (he  reed.  But  cure  must  have  been  taken 
Id  fill  the  chamber  with  a  cimposition  similar  to  that  in  the  reedd, 
jfv  vitb-  ingtlKr  ilow  composition,  made  of  eight  ounces  of  gun* 
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powdor,  foor  mmees  of  laUpetre,  two  ounoei  of  nilphiir)  and  om 
ounce  of  charcoal :  the  whole  mnst  be  well  poonded  and  nUxed. 

Instead  of  reeds,  the  globe  may  be  charged  with  mnning  rockeft, 
or  paper  petards,  and  a  qaantitj  of  fiery  stars  or  sparks  mixed  witli 
pnlverised  gunpowder,  placed  without  any  order  abo?e  these  pt. 
tards,  which  must  be  choaked  at  unequal  heights,  that  they  may 
perform  their  effect  at  different  times. 

These  globes  may  be  constructed  in  ?arions  other  waySf  whkh 
it  would  be  tedious  here  to  enumerate.  We  shall  only  obterfei 
that  when  loaded,  they  must  be  well  corered  at  the  top ;  they  mnit 
be  wrapped  up  in  a  piece  of  cloth  dipped  in  glue,  and  a  piece  of 
woollen  cloth  mnst  be  tied  round  them,  so  as  to  cover  the  hole 
which  contains  the  match. 


CHAP.  viir. 

JETS  OP  FIRE. 


J  BTS  of  fire  are  a  kind  of  fixed  rockets,  the  effect  of  which  is  to 
throw  up  into  the  air  jets  of  fire,  similar  to  jets  of  water.  They 
serve  also  to  represent  cascades  ;  for  if  a  series  of  such  rocketi  be 
placed  horizontally  on  the  same  line,  it  maybe  easily  seen  that  the 
fire  they  emit,  will  resemble  a  sheet  of  water.  When  arranged  in 
a  circular  form,  like  the  radii  of  a  circle,  they  form  what  i$  called 
hjisedfun. 

To  form  jets  of  this  kind,  the  cartridge  for  brilliant  fires  mast, 
in  thickness,  be  equal  to  a  fourth  part  of  the  diameter,  and  for 
Chinese  fire,  only  to  a  sixth  part. 

The  cartridge  is  loaded  on  a  nipple,  having  a  point  equal  In 
length  to  the  same  diameter,  and  in  thickness  to  a  fourth  part  of  It; 
but  as  it  generally  happens  that  the  mouth  of  the  jet  beeomei 
larger  than  is  necessary  for  the  effect  of  the  fire,  you  must  bcgia  to 
diarge  the  cartridge,  as  the  Chinese  do,  by  filling  it  to  a  height  equal 
to  a  fourth  part  of  the  diameter  with  clay»  which  must  be  rammed 
down  as  if  It  were  gunpowder.  By  these  means  the  jet  will  aaoenff 
much  higher.    When  the  charge  is  completed  with  the  cCHnposi- 
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Hon  Jon  fMTe  mida  choice  of,  the  cartridge  must  be  doted  wiili  ^ 
lompion  of  wood,  above  which  it  matit  be  choalcpd. 

The  Inin  or  match  must  be  of  (he  same  composition  as  that  e 
ploj'ed  for  loading  ;  otherwise  thcdilaUlton  of  the  air  conlaiaed  ii 
tbefiole  nwde  by  (lie  pieicer,  would  cause  the  jet  to  hurst, 

CUyed  rochets  may  be  pierced  nilh  (wo  holes  near  the  neck, 
ordtr  lo  haTe  three  jets  in  the  aame  plane. 

If  a  kind  of  top,  pierced  with  a  nuinbrr  of  holes,  be  added  (< 
them,  (b^y  will  imitate  a  bubhling  fountain. 

Jets  intended  fur  representing  sheets  of  fire  ought  not  to  t 
choaked.  They  most  be  placed  in  a  horiionloj  posltioa,  or  ii 
clined  a  little  donnwards. 

I(  appears  to  us  that  they  might  be  choaked  so  as  to  form  h 
of  slit,  and  be  pierced  in  the  same  manner;  which  would  contr: 
bale  to  eiteiid  the  sheet  of  tire  still  farther.     A  kind  of  li 
row  mouth  might  erea  be  provided  lor  this  particular  purpose. 


r  let*,  of  interior  diameter. 
ind,    pulrerised    gunpowder 


l8(.  Jelt  offite  linei  o 
Chineie  /r^.— Saltpetre    1 
boand,  sulphur,  8  ounces,  charcoal  1  o 

H''A(/cjS/-e.— Saltpetre  I  pound,  pulverised  gunpowder  S  ouncei^  1 
^tilphnr  3  ounces,  charcoal  2  ounces^  iron  sand  of  the  Rrst  order  ' 
9  ounces. 

2d.  Jell  of  from  ten  to  laelve  lines  m  liiamelet 
Brilliant Jlre. — Pulrerised  gunpowder  I  pound,  iron.filingsof  »  ' 

While  Jife. — Saltpetre  1  pound,  pulverised  gunpowder  I  pound) 
Sulphur  8  ouoces,  charcoal  1  ounccii. 

6'Ain«ie^re.— Saltpetre  1  pound  4  ounces,  sulphur  5  oaiice% 
Vtnd  of  the  third  order  13  ounces. 

3d.  Jelt  ojjijfeen  or  eighteen  linet  I 
ChineuJSre.—SaUpetTe  1  pound  4  ounces,  sulphur  7  onnce%^ 
-chtTcoal  S  ounces,  of  (he  six  different  kinds  of  land  mixed  III 
vancei. 

Pered'Incarrille,  in  his  memoirs  on  this  subject,  gires  rariouB 
•Uier  pi«|i»ttMiM  for  (he  compodtioa  of  tlwH  jflts;  but  w»  iwrt 
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coafine  oarselres  to  what  has  beeo  here  laid,  and  refer  Ae  riader 
to  the  author*!  memoirs,  which  will  be  found  in  the  Manuel  ie 
VArtificier. 

The  saltpetre,  pulrerised  gunpowder,  and  charcoal,  are  three 
times  sifted  through  a  hair  siere.  The  iron  sand  is  besprinkled 
with  sulphur,  after  being  moistened  with  a  little  brandjr,  that  the 
sulphur  may  adhere  to  it ;  and  they  are  then  mixed  together :  the 
sulphured  sand  is  then  spread  oTer  the  first  miztare,  and  the  whole 
is  mixed  with  a  ladle  only ;  for  if  a  siere  were  employed.  It  would 
separate  the  sand  from  the  other  materials.  When  sand  larger  thaa 
that  of  the  second  order  is  used,  the  composition  is  moistened  with 
brandy,  so  that  it  forms  itself  into  balls,  and  the  jets  are  then 
loaded  :  if  there  were  too  much  moisture,  the  sand  would  not  per* 
form  its  effect* 

SECTION  T. 

Of  Fires  of  different  Colours. 

It  is  much  to  be  wished  that,  for  the  sake  of  rariety,  different  oo. 
lours  could  be  giren  to  these  fireworks  at  pleasure ;  bat  tboi^h  we 
are  acquainted  with  several  materials  which  communicate  to  flame 
Tariouf  colours,  it  has  hitherto  been  possible  to  introduce  only  a 
Tery  few  colours  into  that  of  inflamed  gunpowder. 

To  make  white  fire,  the  gunpowder  must  be  mixed  with  iron  or 
rather  steel  filings. 

To  make  red  fire,  iron  sand  of  the  first  order  must  bo  em[dojed 
in  the  same  manner. 

As  copper  filings,  when  thrown  into  a  flame,  render  it  groto^  it 
might  be  concluded,  that  if  mixed  with  gunpowder,  it  would  piOb 
dace  a  green  flame ;  but  this  experiment  does  not  succeed.  It  ii 
supposed  that  the  flame  is  too  ardent,  and  consumes  the  inflaoi* 
mable  part  of  the  copper  too  soon.  But  it  is  probable  that  a  ioS. 
cient  number  of  trials  hare  not  yet  been  made;  for  is  it  not  poMiMt 
to  lessen  the  force  of  gunpowder  in  a  considerable  degree^  by  lu 
creasing  the  dose  of  the  eharcoal  i 

However,  the  following  are  a  few  of  those  materials  whick,  ia 
books  on  pyrotechny,  are  said  to  possess  the  property  of  oomnin. 
nicating  various  colours  to  fireworks. 

Camphor  mixed  with  the  composition^  Bukes  the  flaoM  to  oppiir 
of  ^  pale  white  ooloa& 


PASTE  FOR  DETTCEt  IK  riftS.  MS 

Rupfaip  af  irowj  pre  k  cku  tarn*  of  m  Atw  oila^,  IkBh^ 
I  link  to  Att  of  Ind  ;  «r  nlWr  ■  wImIc  ^iiBagl^Wi 

GrMk  pilch  prodacM  a  raUiih  ixa^  «f  *  Iriiiii  film. 

Slack  pitdi,  a  dosliy  Saae,  likcaOkk  HMfc^  ■kick  «tnna 
&c  atBospbere. 

Sulphur,  miieil  in  a  moierUt  qaaafilj,  ilai  ik  laae  a|nii«i 
li^Wsk. 

Sal  amnoniac  aad  nrdignt  pn  a  gracalih  !>■■. 

Rafptaigs  of  jtVan  ambtr  cammmakMU  to  tkn  bmt  ■  Ihbab 

ilour. 

Crude  anllmeay  givM  a  rasset  cotoBr. 

Bonx  oagh(  lo  protlac«  a  Mae  lane  ;  far  iptrit  of  viae,  ia 
which  sedatit*  ult,  ooe  of  the  c«Bpaacal  paili  of  borax,  b 
tbtuked  bj  tb«  meaas  of  heal,  buroa  with  a  braatlfal  p««m 
SaoM. 

Much,  baweT«r,  (till  mnaUs  (o  be  done  is  rt^ard  to  thii  tab* 

:l  ■,  but  it  woald  add  to  the  beanry  of  aitihcial  firevorkt,  if  thej 
coold  b«  -rarwd  b|  gif  ing  thea  djffereat  colonn  :  thit  woald  bo 
crcatiug  for  the  ejn  a  new  pleasure. 

SECT  t  ON  il. 

^tm]n>tition  of  a  Paste  proper  for  representing  AniataU^  and 
other  Devices  in  Fire. 

It  is  to  die  Chioete  aUo  that  we  are  iadebled  far  this  method  of 

tpreseatiag  figures  with  fire.     For  this  purpose,  take  sulphur 

tdoced  to  an  impalpable  powder,  andharingfonned  it  into  a  paste 

kb  starch,  coter  witli  it  the  figure  you  nre  desirous  of  represeollDg 

I  fire  :  It  Is  here  to  be  observed,   that  the  figure  mast  first  b* 

iaied  over  with  clay,  to  present  it  from  being  burnt. 

'When  the  figure  has  been  covered  with  this  paste,  besprinkle  it 

'Ule  itiU  moist  with  pulverised  gunpowder;  and  when  the  whole  is 

perfectly  dry,  arrange  soroe  small  matches  on  the  principal  parts  of 

it,  that  the  fire  may  be  speedily  communicated  to  it  on  all  sides. 

The  same  paste  may  be  employed  on  figures  of  clay,  to  form  de. 

s  and  Tarions  designs.     Thus,  for  example,  festoons,  garlands, 

oiher  ornaments,  the  flowers  of  which  might  be  imiUled  by  fire 

'diSereitt  colours,  coold  be  formed  on  the  frieze  of  a  piece  of  ar. 

Govared  with  platter.     The  Chinese  imitate  grape*  as* 

It  9 
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cMdia^f  wdl^  bf  wixiag  pounded  iulplinr  with  the  pidp  of  the 
jojabe,  initeed  of  lour  pesle. 

SECTION  III. 

Cjf  SuHiy  boikjixed  amd  e»ooe^/«« 

NoHE  of  the  pyrotechnic  ioYentions  can  be  employed  with  so 
nuch  Sttccef s,  in  artificiAl  fireworks,  as  snns ;  of  wkicA  there  are 
two  kinds,  fixed  and  refohing :  the  methed  of  constractiiig  bedi  u 

TerjT  simple. 

For  fixed  sans,  cause  to  be  constructed  a  round  pieoe  of  wood, 
into  the  circumference  of  which  can  be  sere  wed.  twelve  or  fifleea 
pieoes  in  the  form  of  radii ;  and  to  these  radii  attach  jete  of  firey 
the  composition  of  which  has  been  already  deecribed ;  so  dwt  they 
may  appear  as  radii  tending  to  the  same  centre,  the  mouth  of  the 
jet  being  towards  the  circumference.  Apply  a  match  in  snob  a 
manner,  that  tiie  fire  communicated  at  the  centre  may  be  conreyed, 
at  the.same  time,  to  the  mouth  of  each  of  the  jets ;  by  which  means, 
each  throwing  out  its  fire,  there  will  be  produced  the  appeamnce 
of  a  radiating  sun.  We  here  suppose  that  the  wheel  is  placed  in  a 
position  perpendicular  to  the  horixon. 

These  rockets  or  jets  may  be  so  arranged  as  to  cross  each  other 
in  an  angular  manner;  in  which  case,  instead  of  a  sun,  yon  wiH 
have  a  star,  or  a  sort  of  cross  resembling  that  of  Malta.  Some  of 
tiiese  suns  are  made  also  with  several  rows  of  jets;  these  are  called 

gioriei. 

Revolving  suns  may  be  constructed  in  this  manner.  Provide  a 
wooden  wheel,  of  any  size  at  pleasure,  and  brought  into  perftet 
equilibrium  around  its  centre,  in  order  that  the  least  effort  maj 
make  it  turn  round.  Attach  to  the  circumference  of  it  fire»jet8 
placed  in  the  direction  of  the  circumference;  they  must  not  be 
choaked  at  the  bottom,  and  ought  to  be  arranged  in  sucha  manteeri 
that  the  month  of  the  one  shall  be  near  the  bottom  of  the  other,  so 
that  when  the  fire  of  the  one  is  ended,  it  may  immediately  proceed 
to  another.  It  may  easily  be  perceived,  that  when  fire  is  applied 
to  one  of  these  jets,  the  recoil  of  the  rocket  will  make  the  wheal 
Cum  roQud,  unless  it  be  too  large  and  ponderous :  for  this  reasooi 
when  these  suns  are  of  a  considerable  sise,  that  is  when  tliej  ooQp 
sist  for  example  of  twenty  rockets,  fire  nmst  be  communicated  at 
the  same  time  to  the  first|  the  siEtii|  the  eleventh^  and  the  stxtoenthj 


from  wUch  it  wUl  firocccd  ta 
the  fefentfenth,  and  so  oa» 
wheel  tvrn  rovnd  with  rapkUtj. 

If  two  simiUr  suns  be  pbecd 
torn  in  m  coatrmrj  direction^  thigf  w3i 
of  croMi^fe. 

IVte  or  fenr  inn%  witt 
night  be  implanted  in  a  Terticai 
table.    Tbeie  suns,  icvoMig 
rae  cndi  oCber.    Itaaybeeaalj 
anmnd  tbe  table  tbcj  anst  be  fiied^B 
at  tbe  plaee  wbere  tbej  rat  •■  tbe 
witba  veiy  BOTeable  relkr. 


TIm  atteafion  wbicb 
of  fiyrolc^By  bi  tUs 


bk  tbe  rajral  parfci,  bas 
kipe  we  otberwiM  fbonld 

a  detiee  wMcb  Mr.  CoHicv* 
liained. 
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ART. 


BOOK  III. 
0/  METALLURGY,  and  the  ARTS  contacted  wUk  U. 


JtIatino  in  the  preceding  part  of  this  worlc  treated  of  minera* 
fogy,  and  metallic  mines,  we  shall  devote  the  preyent  booV  to  a 
few  examples  of  the  carioas  modes  of  worlcing  and  miaiog  metals^ 
and  the  most  important  nses  to  wlilch  they  are  applied; 


CHAP.  I. 

OF  CALAMINE,    BLENDS    OR    BLACK    JACK,    ZINC,    AMD 

BRASS* 

1  HE  two  principal  ores  of  zinc  are  calamine  and  blende.  TIm 
Arabic  word  dimia^  or,  as  it  is  pronounced  by  some,  caRmim^ 
denotes  the  same  sub6^nce  which  we  call  lapii  calaminariij  cofa. 
mine  J  or  calamy;  and  lience  Salmasius  is  of  opinion,  that  tbej 
judge  ?ery  preposterously  who  would  derive  calamine  from  caiaam^ 
aya  Indian  word  aignifyiiig,  according  to  him,  a  species  of  BMtal 


I 
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rmUing  tin,  whkb  is  dog  near  MsUcca*.  With  doe  defer«nc» 
to  bi«  Hitbority,  I  wuuld  ubsene,  that  Indian  calaem  is  not  like 
(in.  Many  years  ago  ibe  Dutch  took  a  Portuguese  vessel  which 
was  laden  with  calaei)i+  ;  and  from  all  the  experiments  which  were 
made  upon  that  substance,  it  appeared  to  be  zinc,  or  that  metallic 
substance  which  we  in  Europe  haie  very  Ul«ly  learned  the  method 
of  extracting  from  calamine.  Both  calnDiine  and  xinc  hnre  the 
properly  of  changing  copper  to  a  yellow  colour;  and  lhi«  is  th« 
most  distirtfttishiug  property  of  them  both;  it  is  that  for  uhlch 
they  are  both  sought  after  in  rommerce  :  anil  as  climia  and  caUetn 
baTe  the  same  radical  letters,  and  denote  in  the  Arabic  and  Indian 
langoages  two  substances  which  agree  in  one  of  thptr  most  charac. 
teriBtic  properties,  I  lea»e  it  to  others  lo  determine  whether  Ihey 
are  not  the  same  word,  and  in  which  of  the  two  languages  (hat 
word  was  originally  formed.  The  other  ore  of  zinc  is  called  by 
the  Germans  blende,  frnai  its  blinding  er  miskading  appearance  ; 
it  looking  like  an  ore  of  lead,  but  yielding  (as  was  formerly 
Ihoaght)  no  metallic  substance  of  any  kindl:.  A  particular  sort 
of  lead  ore  has  been  called  by  I'lioy,  galena,  from  a  Greek  word 
signifying  lo  shine,  because  it  is  ciimposej  of  shining  particles; 
our  potters  ore  and  the  Derbyshire  lead  urenre  of  this  tort;  blende 
much  retembles  galena  ;  but,  yielding  no  lead,  it  has  been  called 
false  or  pgeodo. galena,  or  mock-lead;  our  English  miners  bftTe 
called  it  blackjack,  and  that  is  the  name  by  which  it  is  known  to 
the  makers  of  brass.  Blackjack  resembles  lead  ore  so  much,  that 
the  mioers  sometimes  (uccecd  in  selling,  lo  iaexperienced  smelters, 
blackjack  instead  of  lead  ore:  I  have  heard  uf  the  fraud  being 
carried  la  so  great  an  extent  in  Derbyshire,  that  from  a  ton  of  ora 

*  CadmtA  Anibiliut  dic'iiar  climia,  quad  qnicl*iii  pronunciarnni  calimia,  unde 
Gnecii  recentiDribiu  ■tJu^iia  iatrrducn  icribilur,  unde  niuliii  Gallii  ealamiii* 
el  lapii  calami oarii :  qunm  vocem  qnidBm  prtt]M«tcre  dcducunl  ab  Indico  c8- 
laen,  iiaad  metalli  gEnm  r>t  tlanno  simile,  baud  luiigc  ei  Malacca  crui  lali* 
turn.     Balm,  de  Homon>.  Hy,  lat.  C.  CXII. 

(   SavoliH  de  Kum.  P.  IX.  C.  XIV. 

J  Pieailo-gxlcna  iiamcD  cnum  ciinde  acquislvil,  quod  facirn  qnui  mloerB 
plumbce  p(c  IF  feral,  led  mcnlialur,  cum  id  river*  nun  coaLiaeal  quod  ex* 
Icrno  aipeclu  poUicetur.  Geriuania  appcltulur  blende,  a  biendeo  ;  quia,  ciun 
falu  ipccicm  minrrK  ulurniDn  pm  te  fi-rt,  etiude  cicuIub  fiucinel,  tfI  ii« 
inpoMt.  Pott  de  Picudn-galeiui,  |>-  106. — Thej  batt  in  SInffi-riJihIre  a  ioit 
«f  itao,  wtiidi  Ihey  call  bleailc-mctal,  of  wbfcb  tbey  make  nalts  hammo*,  ^^ 

jjkc     Plot')  Staff.  ^H 

L^      J 
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ther«  wu  not  obtained  aboTe  a  few  oances  of  lead  ;  though  a  IM 
of  unadulterated  lead  ore  yields  in  Derbyshirt ,  at  an  aTemgty 
fourteen  or  fifteen  hundred  weight  of  lead. 

Calamine  is  found  in  most  parts  of  Europe;  we  have  great 
plenty  of  it  in  Somersetshire,  Flintshire,  Derbyshire,  and  in  maojr 
other  parts  of  England.  It  is  scarcely  to  be  distingnished  by  ill 
appearance  from  some  sorts  of  lime-stone;  for  it  has  none  of  tk 
metallic  lustre  usually  appertaining  to  ores:  it  differs^  howevtf^ 
by  its  weight  from  etery  sort  of  stone ;  it  being,  bulk  for  bulk, 
near  twice  as  heaiy  as  either  flint  or  limestone.  Before  the  re%i 
of  Elizabeth,  this  mineral  was  held  in  Tery  little  ettimmtion  ia 
Great  Britain  ;  and  e?en  at  so  late  a  period  as  towards  the  end  ef 
the  17th  century,  it  was  commonly  carried  out  of  the  kingdom  ai 
iMdIast  by  the  ships  which  traded  to  foreign  parts,  especially  ta 
IloUand.*  It  use  is  uow  as  perfectly  understood  in  England,  Si 
in  any  part  of  the  world ;  and  as  we  hare  greater  plenty  of  cala- 
mine, and  that  of  a  better  sort,  than  most  other  nations  have, 
there  is  no  fear  of  our  losing  the  ad? antages  in  this  article  of  trade 
which  we  are  now  possessed  of. 

Great  quantities  of  calamine  have  of  late  years  been  dog  in  Der* 
by  shire,  on  a  spot  called  Bonsale  Moor,  in  the  neighbonrlMod  of 
Matlock.  A  bed  of  iron  stone,  about  four  feet  In  thicknem  His 
oTer  the  calamine ;  and  the  calamine  is  much  mixed  not  only  witt 
this  iron  stone,  but  with  cawk,  lead  ore,  and  limestone,  lis 
calamine  miners  never  wish  to  meet  with  lead  ore ;  they  say  thst 
it  eats  up  the  calamine:  and  the  lead  miners  in  return  nerer  wisk 
to  meet  with  calamine  in  a  rich  vein  of  lead  ore,  since  Ihey  an 
persuaded  that  it  injures  the  quality  of  the  ore*  It  would  be  fess 
much  to  infer,  from  these  observations  of  the  miners,  that  one  of 
these  substance!!  arises  from  the  natural  decomposition  of  tlM  other* 
Juxtaposition  of  substances  in  the  bowels  of  the  earth,  b  no  ca^ 
taiti  proof  of  their  being  derived  from  each  other :  for  no  oss 
will  contend  that  chert  is  derived  from  the  limestone  in  which  it  if 
bedded,  or  flint  and  pyrites  from  the  chalk  in  which  they  arefeaid; 
yet  when  a  great  variety  of  substances  are  found  mixed  tojgeliltf 
in  the  same  little  lump,  the  mind  cannot  help  conjecturing  that  s 
more  improved  state  of  mineralogy  will  shew  some  connection  ii 
their  origin,    i  have  often  seen  calamine,  and  blackjack,  and  lii' 


•  Essay  on  MeuU:  Werds  bj  Sir  J.  Petty,  and  PbiU  Tnm  for  ION. 


cMmkf  bl«ck.  jttck,  Knd  Ipad  ore,  b«dded  (ogetiier  in  tb« 
awe  pifc*  of  ipar. 

The  etUmine  annually  nked  in  Derby sbiK,  ftmonnts  to  aboat 
^^O0  tomi,  ^ixty  y^ars  ago  (as  ]  was  informed  by  an  intelli^rat 
4Ml*r  in  calamnK,  whosr  father  mu  one  of  the  int  who  dttg  it 
■  In  that  roaDtr>).  itiey  did  not  raoe  forty  ton*  in  a  year.  Thi 
Derbydiire  calaaiine  doe»  (lot  bear  lo  sood  a  pt»c«  ai  i^t  uluch  ii  j 
fBttra  abont  Mfodip  in  !>omer»elshire  ;  tile  (anser  bciag  M»:d  £ar 
jbo>t  forty  shilliMgi.  and  Ibc  tatter  for  iLrty-fiTe  or  ancuf  lUU 
a  ton,  b^fon  dressing;  wht-D  tliorui^hly  dreaanl,  tbc  Dnbj. 
ilhirB  calamioe  may  b«  booght  for  aboat  tix  gmia 
I  fcr  eight  fraandf,  a  ton.  Tbb  dreuing  of  the  c 
prnriptily,  ia  {ilrkini  oot  all  the  pieces  of  lead  tf*,  Bm 
boa  itane,  cawk,  and  otber  hcterogeoMMU  tabataatta  wUA 
Siicd  wiib  it,  when  it  it  first  dag  from  tlwane;  tUapidw4« 
,  Btioe  JB  then  calcined  in  proper  fntaaces,  aad  bjr  iilii— in 
Jotes  between  a  third  and  a  fonrih  of  its  aright. 

The  Mbatance  which  is  lou  during  calcination  of  the  cnlaa 
b  not  uther  so^ot  or  arsenic,  or  any  thine  which  can  b*  c«|«    { 
lcict«d  by  the  tides  of  an  horiaontal  chinney,  as  is  the  caae  in  s< 
'  MrU  of  e«>(>per  and  lead  ores ,  bence  it  wo«ld  be  ^ile  nintrr 
ytbim  lo  ranti  cnlunine  in  a  farnM:c  with  t«cb  a  cUmmry,     TW 
'  tnilb  of  ibia  r««arlk  will  app«ar  frun  the  foUawiag  eipariw 
I  took  l%U  graint  ol  Ute  b*^  DerbyaUrc  cnkMBC,  wmi  ik 
Iben  in  n  diluted  f  itriotic  acid :  the  aalntaoa  *aa  Made  *■  n  Fla* 
'  icnca  Flask,  and  the  wti^kt  ot  the  aitjd  and 
I'lbo  H^latiun  GOmmenced.     Abuut  twenty  h 
nlad  been  fiaiahed,  I  wei^bed  the  flask  and  i 

there  had  been  a  loss  of  forty  grains,  or  ose  (hM  fl 
tf  the  calamine  ;  abont  a  grain  of  earth  r 
•adissoWed.     If  the  same  qoaatitj  of  the  poreat  I 
•  beMI  disaulved  in  the  same  way,  iberr  wonM  barw  fa 
weight  (i)nal  to  fifly-font  grains  :  ibe  nbstance  which  Ii 
front  calaraine  by  calcination,  or  by  sohitiaii  in  »  acid,  b  tf  tfifr  1 
nne  nature  with  that  abich  is  separable  fraia  ItMestMW  by  f 
fwie  processes — (iied  air.     TWi  air  hating  the  propeny  of  ttm 
lHlb«  Uae  colour  of  vegetables  to   red,  a*  well   aa  nas^  «Am 
pcopertiea  of  an  acid,  and  being  conlaincd  in  gr««t  abwaduce  la 
the  itaotpbere,  bai  be«D  called  by  lomc,  aerial  tad;  aad  tj 
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otherfy  from  its  constitating  nine  parts  In  twetitj  of  chalk  and 
other  calcareoas  earths,  chalky  acid  ;  and  from  its  being  destmc. 
tife  of  flame  and  animal  life,  some  hare  denominated  it  mephitic 
air.  The  weight  which  was  thos  lost  bj  dissoWing  the  Derbjihire 
calamine  in  an  acid,  corresponds  snfficiently  with  that  which  the 
workmen  observe  to  be  lost  during  the  calcination  of  that  mineral ; 
•o  that  these  processes  mutually  confirm  each  other. 

Bergman  obserres  that  100  grains  of  Flintshire  calamine  lost  bj 
calcination  thirty  four  grains* :  now  this  quantity  corresponds,  as 
much  as  can  be  expected  in  things  of  this  sort,  with  the  loss  which 
I  observed  during  the  solution  of  130  grains  of  the  Derbyshire 
calamine ;  for  if  I  had  dissolved  only  100  grains,  the  loss  would 
have. been  33^.  The  same  author,  however,  remarks  that  100 
grains  of  Flintshire  calamine,  when  dissolved  in  an  acid,  gave 
only  twenty  .eight  grains  of  air :  and  he  thinks  that  six  grains  of 
water  are  contained  in  every  100  grains  of  that  sort  of  calamine; 
for  he  takes  the  difference  which  he  observed  between  the  weight 
of  air  obtained  by  solution,  and  the  loss  of  weight  sustained  daring 
the  calcination  of  100  grains  of  calamine,  to  be  owing  to  the  water 
which  is  dispersed  during  the  process  of  calcination^ •  Fontana 
obtained  190  grains  of  fixed  air  from  676  grains  of  Somersetshire 
calamine :  according  to  the  same  proportion,  had  he  used  only  100 
grains,  he  would  have  had  thirty,  three  grains  of  fixed  air,  instead 
of  (he  twenty.eight  which  Bergman  got  from  the  Flintshire  cala* 
mine ;  I  say  instead  of  the  twenty.eight,  for  I  am  inclined  to 
think  that  the  Derbyshire,  Flintshire,  and  Somersetshire  calamines 
do  not  differ  much  from  each  other  in  the  quantity  of  air  which  they 

•  Vol.  II.  p.  SH. 

f  Bergman  Kas  used  the  lame  method  of  analysing  other  tabttaocct  con* 
tainiog  fixed  air,  particularly  calcareous  eartht«  He  foond  that  100  gralai  ef 
transparent  calcareoui  spar  gave,  by  solution  in  an  acid,  thirty-fomr  grmiai  of 
fixed  air,  and  lost  by  calcination  forty-five  groins;  the  diCereoee,  elevea 
grains,  Im  sayt  is  water/  which,  though  expelled  by  the  fire,  rrmaiai  Mlacd 
with  the  acid }  and  hence  100  grains  of  such  spar  contain  fifty-five  gnioi  «f 
lime,  thirty-four  grains  of  fixed  air,  and  eleven  grains  of  water.  I  have  a 
little  diflicnity  in  admitting  this  mode  of  inferring  the  quantity  of  water  coa* 
tained  in  these  bodies:  I  do  not  absolntely  deny  the  justice  of  if;  bat  I 
hcritate  concerning  it|  becanse,  from  experiments  which  I  made  with  all  tbe 
care  I  could,  I  found  that  fine  transparent  spar,  very  white  marble,  Ac.  loity 
as  nearly  as  could  be  estimated,  the  same  weight,  whether  they  were  ^ipolvcd 
in  an  acid,  or  calcined  in  a  strong  fire. 
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ccmtiin  ;  bst  tkat  tibe  afipuvut  diicnvoe  ia  &e  an^yvi  «f 
Iwje  »e«6ofd|  proceedi  ntbcr  fron  tbe  iDodB  of  ftiimm^  tbn 
from  tbe  fobstaaces  ilieBftelvc*.  Bst,  tboagb  fotare  o^ieneiiae 
should  prove  Uwt  very  pure  pieces  of  the  adaauMS  ve  are  ^>«*^««^ 
of  do  exactlj  a^ree  to  the  ^nantitj  of  air  oootaiaed  ia  then,  it  mSL 
aol  follow  that  the  caUoiines,  Mi  prf>pared  for  nle  bj  the  auaen 
or  baraen,  will  be  similar  to  each  other  ia  all  their  piopertMs; 
since  ihej  maj  be  mixed  with  diffneot  qaaatities  aad  with  diAenat 
sorts  of  hetfcrofteaeoos  sobfttocesj  from  which  it  aiaj  be  impos* 
lible  wholly  to  frt^  them. 

The  reader  most  oot  rooclode,  from  what  has  beea  tiid,  that 
all  sorts  of  ca'amine  lose  ooe  third  of  their  weight  hj  ralciaalioa^ 
or  afford  fixed  air  Jbj  solotioo  ia  adds.  Berj^aiaa  analj'sed 
calamioe  from  Uungarj,  and  he  fonnd  100  grains  of  it  to 
of  eijjity^bor  grains  of  the  earth  of  zinc,  three  of  the  earth  of 
iron,  ooe  of  claj,  and  twelve  of  siliceoos  earth :  ao  aieatioa  is 
made  of  water  ia  thif  analvsb.* 

la  the  great  works  where  calamine  is  prepared  for  the  brass 
Biakera,  after  It  has  been  proper)  j  calcined,  bj  which  process,  at 
has  beea  observed,  it  loses  between  a  third  and  a  fonrth  part  of  its 
weighty  it  is  agisia  carefallj  picked,  the  heterogeneoos  parts  hav- 
ing beea  readered  more  discerns  le  bj  the  action  of  the  fire ;  it  is 
thea  groaad  to  a  fine  powder :  afterwards  it  is  wa>hed  in  a  gentle 
riJI  of  water,  in  order  to  free  it  as  much  as  possible  from  the 
etrthj  particles  with  which  it  maj  be  mixed;    for  tb^se,  being 
twica  as  light  as  the  particles  of  the  calamine,  are  carried  off  from 
it  by  the  water :  it  is  then  made  up  for  sale.     A  ton  of  the  crude 
Aerbjshiro  calamine,  as  dug  from  the  mine,  is  r^^duced,  by  the 
lartOBS  processes  it  undergoes  before  it  becomes  saleable,  to  aboat 
twelve  baadred  weight :  and  henc«>  it  has  lost  eigl.t  parts  in  twenty. 
Of  the  eight  hundred  weight  thus  lost  in  a  ton,  6^  may  be  esteem. 
td  fixed  air:  the  remaining  part,  amounting  to  1-^.  consists  of 
•ome  Imparities  which  have  beea  picked  out  or  washed  away,  and 
of  aoBie  portion  of  the  metallic  part  of  the  calamine,  ^h<ch  is  in. 
flaflied  aad  driven  off  during  the  calcination :  for  I  cannot  agree 
with  WaUeriasf ,  in  supposing  that  the  ores  of  zinc  lose  no  part 
at  their  fobstance  during  the  ordinary  process  of  calcination;  the 
bLaa  flame  which  is  visible  in  the  furnace  where  the  calamine  is 

•  Berg.  ChesB.  Eis.  vol.  II.  p.  3^lk»        i  Metallor. 
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calcined,  and  the  iDJnrj  which  the  calamine  saitatni  from  being 
calcined  with  too  strong  a  fire,  are  proofs  to  the  contrary.  It  would 
be  possible  to  use  calamine  for  the  purpose  of  making  brass  with- 
out calcining  it ;  for  the  fixed  air  would  be  dissipated  bj  the  heat 
applied  in  making  the  brass.  Bnt,  as  in  using  a  ton  of  uncaldned 
calamine,  there  would  be  between  six  and  seTen  hundred  wdgkt 
pnt  into  the  brass  pots  which  would  be  of  no  manner  of  use  in  the 
operation,  it  is  a  wiser  method  to  get  rid  of  so  large  a  quantity  of 
unaerriceable  matter  -,  especially  as  the  carriage  of  six  or  sefea 
hundred  weight  to  the  distance  to  which  the  prepared  calamine  is 
sent  for  the  making  of  brass,  would  cost  more  than  the  caldnalioB 
of  a  ton  of  it  amounts  to. 

There  are  many  sorts  of  blende  or  black  jack,  which  diiler 
from  each  other  not  only  in  their  external  appearance,  but  in  tiieir 
internal  constitution.  In  general  they  contain  line  and  anlphar, 
united  together  by  the  intervention  of  iron,  or  of  calcareous  earth; 
and  they  must  be  prefiously  freed  from  their  sulphur  by  calcina* 
tion,  before  they  can  be  applied  to  the  making  of  brass.  Some 
sorts  of  black  jack  lose  one.  fourth,  others  about  one.rixth  of  their 
weight  by  calcination :  what  is  thus  dispersed  consists  principally 
of  sulphur,  with  a  little  water;  what  remains  coMists  of  «  larfe 
portion  of  sine  earth,  mixed  with  one  or  more  of  the  following 
substances,  tis.  iron,  lead,  copper,  clay,  and  flint  Blackjack 
is  found  in  North  Wales,  in  Cornwall,  and  in  Derbyahire;  and 
probably  it  may  be  met  with  in  many  other  parts  of  Great  BritaiB. 
It  has  for  many  years  been  used,  as  well  as  calaoiine,  for  the 
making  of  brass  at  Bristol ;  and  I  belicTe  it  was  first  used  tlwn 
under  a  patent :  but  so  little  was  this  application  of  it  known  in 
other  parts  of  the  kingdom,  that  in  the  year  1777,  they  liegged 
me  in  Derbyshire  (where  they  had  a  little  before  that  time  iiegan 
to  sate  it)  not  to  drrulge  the  purpose  to  which  it  might  be  applied. 

It  has  not  been  long  well  understood,  that  either  calamine  or  lila^ 
fack  contained  any  metallic  substance.  Matthiolus,  AgricoU,  Ca* 
neparins,  and  other  expert  and  more  ancient  metallurgists,  esteem-' 
ed  calamine  to  be  a  mineral  in  which  there  was  no  metallic  sub- 
stance*. Their  mistake  on  this  subject  was  very  excusable;  for 
the  metallic  substance  contidned  in  the  calamine  being  of  •  Tolatile 
and  combustible  nature,  it  consumed  or  dissipated  by  the  ordinary 

•  Caaep.  ie  Atnua.  p.  IS-SI. 
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of  the  ivid,  OT  fnMee,  m  mhiik  dke 

iB  likt  — », 
its  aetellic  part,  wUdi  is  cmltei 

hrtwMMMHisiHwi,  it  fie. , — , 

viAaTirid 

iapoi B— -, 

tftt  aistnfr  tD  a  Mdtiii^  hot ; 
itfWjMiMrf  §nm  vkit 

•faiy  MMk  i^Muee  vfli  he  iMBd  ax  dke  hMM  «r  dke 
hH  fa  the  piMC  where  Che 

^B^^K^  ^^^Sa^  A^k.^k      A^i^«^^ 

Oe  aeCalie  ■■hataaii  W  the  , 

iif  ■wi,hM  jlflMntiiiB,  aaa  dm,  and  fef 

■iaeaad 

the  Miv  of  vKdk  omee  the 

air;  aad  it  vaaca 

§■1740.    He  pat 
•r  pavdend  charcoal,  wtil  — r^     ,         , 

:;  ^  Imiif  ilted  a  racaifcr,  with  a  Bide  water  is  M^ 
te  the  Back  af  dw  retart,  ia  each  a  aMaaar  ai  la  cMlade  Oe  air, 
W  tapawd  the  ■trtaia  ia  a  draag  heat;  Aere  raK  lata  th«  aack 
If  *e  latort,  where  it  was  tmmimtfi,  dw  aMtrilic  fapaai  ^  Oe 
Bj  tha  awdiod  he  ai  1 1  itajaid  the  qaaatitf  «€  aaw 
ia  dHfereat  sarts  oC  calaanae* 

Puts«     rUtB, 

Cabapfawtroia  aear  Cracow 16gaTe9f  ef 

fromEn^bnd 1» «    — 

-fima  Breslaw 1« 4|  — 

from  Hangiry 1« H  — 

frott  HolTweU  in  FUntihire  15 7 

He  tried  taBC  itonei  from  Aiz*Ia<nkapelle,  which  had 
Urn  for  calamine,  fai  Ae  tame  waj,  hat  cMaiafd  na  liac  from 
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them;  aod  thefice  he  concludes  that  they  were  not  calamine  stonesf 
for  e?ery  stone,  says  he,  which  being  mixed  with  charcoal,  and 
exposed  in  close  ressels  to  the  action  of  a  violent  fire,  does  not 
yield  zinc,  or  which  in  an  open  fire  does  not  with  copper  and 
charcoal  produce  brass,  ought  not  to  be  considered  as  a  calamine 
stone*.  Henckcl  had  long  before  given  a  Kimilar  definition  of  zinCi 
when  he  obserted  that  It  was  the  only  substance  in  nature  which 
had  the  quality  of  giving  copper  a  yellow  colon r+. 

Pott  wrote  a  dbsertation  on  sine  in  1741,  in  which  he  enters 
into  the  history  of  the  discovery  of  this  semi-metal.    Bergman  his 
availed  himself  of  all  that  Pott  knew  on  that  subject,  and  faaf 
added  several  things  of  his  own  :  I  cannot  compress  the  matter 
into  a  less  compass  than  he  has  done.     ^^  The  semi-metal  which  at 
present  is  called  zinc,  was  not  known  so  much  as  by  name  to  the 
ancient  Greeks  and  Arabians.     The  name  which  it  bears  at  pre. 
sent  first  occurs  in  Theophrastus  Paracelsus^,  but  no  one  as  yet  has 
been  able  to  discover  the  origin  of  this  appellation.     A.  G.  Agil- 
cola  calls  it  contrefeyn  §;  Boyle^  speltrum|| :  by  others  it  ii  deno- 
minated spiauter,  and  Indian  tinf .    Albertns  Magnus,  more  pnu 
perly  called  Bolstadt,  who  died  in  1280**,  is  the  first  who  makcf 
express  mention  of  this  semi.metal.     He  calls  it  golden  marcaiitei 
asserts  that  it  approaches  to  a  metallic  nature,  and  relmtet  tibat  it 
is  inflammable.     However,  as  zinc  is  white,  the  name  of  gjMm 
marcasite  is  not  very  proper ;  it  would  therefore  appear  probaUt 
that  it  derives  that  name  from  the  golden  colour  which  it  oonaa* 
nicates  to  copper,  had  not  Albertus  expressly  said,  that  coppv 
united  with  golden  marcasite  becomes  white ;  but  he  has  probably 
either  misunderstood  or  misrepresented  what  he  had  heard  related 
by  others.    It  may  also  happen  that  zinc  was  formerly  thoo^t  to 
contain  gold.   J.  Matthesinsff ,  in  1562,  mentioned  a  white  aada 
red  zinc ;  but  the  yellowness  and  redness  are  only  to  be  niidcN 
stood  of  the  ores.      lioUandus,    Basil  Valentine,  Aidrovandoii 
Caesins,  Caesalpinos,  Fallopius,  and  Scroeder,  observe  a  profonad 
silence  on  that  head.  1 1     The  eastern  Indians  have  long  since  beea 
in  possession  of  the  method  of  extracting  pure  zinc  from  the  ore; 

*  Opus,  de  Biarg.  vol.  I.  p.  94.  f  Pyrito.  French  Trani.  p.  M< 

}  In  Operibns  paiiim.  ^  De  Re  mrtallica. 

I  Ponderib.  FteflmuB^  f  Teda  Trifida  Clivmica 

••In  libro  Miaendiam.  f  f  Sarepou 

tt  Pott  on  Zinc 
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ieutiatlie  course  of  the  last  ctntury  Ihts  mttal  was  brought 
D  tbence  to  Europe,  Jungius  mentions  ihe  importation  of  zinc 
from  India,  in  1674";  a  mclal  of  this  kind,  anrler  the  name  of 
tntenag.  Is  stiti  brought  fritni  thence,  which  must  be  carefoUy  dis. 
iihed  from  Ihe  compound  me(Hl  of  Ihat  name.  G.  £.  Van 
mehs  tells  Ds,  in  1617,  Ihat  a  Ion:;  lime  before,  sine  had  been 
lected  by  fusion  st  Go^lar-i-.  It  has  been  long  used  to  form 
ekftlcum  from  the  ores  of  zinc,  by  the  addition  of  copper ;  but 
ws  not  jet  apjiesr  at  what  time  this  art  was  indented-  Fliny 
s  mention  of  Ihe  orichnlciini,  as  also  of  Ihree  species  of  Cu> 
plhiDti  vases,  one  of  which  is  yellow-,  and  of  Ihe  nature  of  goldl. 
s  Bbner,  of  Noremberg,  in  the  year  1550,  was  the  first 
I  used  the  cadmia  of  Guslar  for  (his  purpose.  In  Ihe  year 
41,  Henckel  indeed  menlioned  that  zinc  might  be  obtajoed  from 
lapis  calaminaris  by  means  of  phlogiston,  but  he  conceala  the  me- 
(faod§.  The  celebrated  Anton.  Van  Swab,  in  1749,  extracted  it 
from  the  oies  by  distillation,  at  Westerwick,  in  Dalecar1ia(|.  It 
■feu  detertnined  to  found  a  work  for  the  purpose  of  eilracliog 
Brger  quantities  of  this  semi.nielal ;  but  afterwards,  for  Tarious 
^ftotons,  (his  project  was  laid  aside :  therefore  Ihe  illustrious  Marg- 
graf,  nnt  knowing  what  had  been  done  by  the  Swedish  mincra. 
logiits,  in  Ihe  year  1740  published  a  method  of  performing  this 
operation,  which  he  had  discovered  himsetfl.  It  is  not  known 
(jtow  (inc  is  extracted  in  China.  A  certain  Englishman,  who  seic. 
lyear*  ago  took  a  voyage  (o  that  country  for  (he  purpose  of 
miDg  tbe  art,  returned  safely  home  indeed,  and  appears  to  have 
•n  safSctendy  instructed  in  the  secret,  but  he  carefully  concealed 

De  Uincralibu^. 
Bcridil  Von.  Bersvjrckcn. 
Hiil.Nat.XXX.C.  II, 

PjrrilolticiB— Henckel'i  wardi  deserve  (o  be  qaotcd ;  1  take  ihem  frum 
Ficorh  tnnditian  of  Ihe  Pyritologia,  p.  895.  On  fail,  pat  escmplr, 
E  la  caluainr,  non  if ulemcnl  dn  fer,  II  esl  mi  en  petite  quanlilt,  mail 
Me  niw  ttd-cninde  qunntitt  de  «lne,  qoc  Ton  obiient  nan-seal  fine  nl  tn 
pretcnlanl  le  corpt  arec  Icquel  i1  peul  j'incorporer,  cVslidiiP  1e  euiire 
1 100  aiBBUi,  mail  encore  ce  dcmi-netal  k  monlre  limpleui'iil  pur  I'ad- 
d'ane  mati^re  ^raHe  qoi  metBllltei  il  fant  leulement,  pour  cTilrr  que 
Tl>e<i<i  n(  K  reduite  eo  ceodre,  emptclier  qa'il  ue  «e  brtlle,  el  ohserver  Ic 

1  EloKiam  magsi  hajni  metallurgi  coram  R.  Acid.  Stock,  recilatom. 
t  Men.  de  TAcad.  dc  BerUu. 
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it,  W«  Cnd  aftBrwardf  that  a  maoafaGtory  bad  been  establUlied 
at  Bristol,  where  iidc  ii  said  to  be  obtained  by  distillation  per 
descensum.  We  have  already  se«n  that  it  had  been  before  ob» 
tained  in  Sweden  by  distillation  per  ascensum,  which  afterwards 
was  effected  in  larger  quantity  by  Mess.  Cronstedt  and  Rimani 
two  Tery  celebrated  mineralogists  and  metallurgists.  The  difficaU 
ties  occasioned  by  the  volatile  and  combustible  nature  of  this  metal| 
for  a  long  time  retarded  the  knowledge  of  the  ores  containing  it: 
nor  is  that  wonderful ;  as,  being  of  a  metallic  form,  it  has  even 
to  onr  times  been  considered  as  composed  of  two  or  three  ingre- 
dients. Albertns  Blagnus  thinks  iron  an  ingredient ;  Paracelsus 
called  it  a  spurious  son  of  copper ;  Lemery  holds  it  to  be  a  spedcs 
of  bismuth ;  Glaaber,  and  many  alchemists,  consider  it  merely  as 
an  immature  solar  snlphur;  Homberg,  as  a  mixtnra.  of  tin  9mA 
iron ;  Kunckel  as  a  coagulated  mercury ;  Schluter,  as  tin  made 
brittle  by  sulphur,  Isc.  The  celebrated  Brandt,  in  1736,  shewad 
that  blende  contained  line* ;  and  soon  after  D.  Swab  actually  ex- 
tracted it  from  the  Bolognian  psendo^alena,  which  poaseaaet  a  me- 
tallic splendor.  The  Baron  Fonch,  in  1744,  determined  the  preitnot 
of  line  in  psendo.galena  from  the  flame  and  the  floweret;  and  ia 
1746,  Mr.  Marggraf  set  the  matter  out  of  doubt. 

Bergman  in  his  history  of  the  discovery  of  the  method  of  esu 
tracting  sine  from  calamine,  wholly  omits  the  mention  of  Dr«  Isaac 
Lawson ;  of  whom  Pott,  in  his  Essay  on  sine,  speka  very  raped- 
fully,  acquainting  us  that  he  really  obtained  some  grains  of  that 
semLmetal  from  calamine.  So  that  though  Henckei  waa  the  fin^ 
Lawson  wu,  probably,  the  second  person  in  Europe  who  pnw 
cured  sine  from  calamine ;  whether  he  was  the  Englishman  who, 
according  to  Bergman,  went  to  China  to  discover  the  method  rf 
doing  it,  is  what  I  hare  not  been  able  to  learn  with  certainty. 
Our  English  writers,  who  have  touched  on  this  subject,  apeak  In 
high  terms  of  Lawson,  I  suppose  from  their  personal  knowledge 
of  him,  for  they  do  not  refer  to  any  written  account}.    Thua 

-^ — 1^1 -  »-     I      -■-  ga 

•  Act.  Upial. 

t  Act.  Stock. 

t  Pott  gives  ui  leveral  qaotations  fraoi  a  diaertetieo  of  Dr.  LawMo's  De 
Nihil,  which  I  here  oeTer  met  witfaj  ami  aMongtt  others  the  foIUwiBg  one  t 
Qounvis  lapii  calimiiuirii  nee  •QblimatioDc,  nee  cum  fluxu  nigra  det  siocom, 
tmmcn  rimUei  iom,  ttmilis  ia  Ipie  color,  similii  tinctuim  coprif  et 
ponderii  probabilifldBram  pnebent  argmeatua  lapUcm  calanii 
uensiaiacl.    PeU  De  Ziaco,  p.  9. 
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Dr.  Prjce  saji,  '^  *the  Ute  Dr.  i.  Lavioo  obccrrio;  t^i:  C£« 
Sowers  of  lipis  caUminaris  were  the  same  u  too-e  oi  zIt^c.  >.=d 
tbac  its  efTerrs  on  copper  were  a{>o  tnn  «ario  vi:h  thit  i<^xiT?'i!, 
levpf  r^-RiiU-d  his  endpa%ours  till  he  ound  the  iLetaod  uf  ?^r^- 
>atin?  p'lrt-  zinc  from  ihar  .  re/*  And  Ui.  Campbr  I,  in  hii  Sur- 
rey of  Briraiii,  i<-  '•till  rr'ure  partiuUr:  "*•  f  the  cr^-Ji-.  if  oot  tht 
rmiueor  calAoine,  is  very  moch  ra.S4>il  sine*-  aji  i  £rni  u-  «:oaotrj- 
nan  of  ours  diacoYcred  ttiat  it  wa^  the  tn.e  caiiic  oi  zinc,  thli 
Miautrjinan  wu  Dr.  I.  Lawsoo  who  dit-d  b-iore  hr  had  made  aaj 
idvanta^  6f  his  discovery/*  The  authors  of  the  Sappleaent  to 
Ckamben'  Dictionary,  published  in  1733,  expressly  at&rm.  that 
^*  X  Dr.  Lawson  wjs  the  Arbt  person  who  shewed  that  calamine 
contained  sine ;  we  have  now  on  foot  at  home  a  work  established 
by  the  discoverer  of  t  .i»  ore«  which  will  probably  make  it  rery 
anaecanary  to  bring  any  zinc  into  Eoj^iand."  To  all  this  I  snail 
oaly  add  one  testimony  more,  from  which  it  may  appear  that  ihe 
Eoigliih  knew  bow  to  extract  zinc  from  calaminf^,  before  Mr.  Van 
Swab  taught  the  Swedes  the  method  of  doing  it ;  thon^h  this  gen* 
Ueinan,  voleai  I  have  been  mi^iofurmed,  iostruc'ed  the  late  Mr. 
ChampfoB  of  Bristol,  either  in  the  use  of  blackjack  for  the  lamo 
parpose  as  calamine,  or  taught  him  some  improvements  in  the 
method  of  obtaining  zinc  from  its  ores.  The  testimony  occurs  in 
a  dissertation  of  Henckers  on  Zinc,  published  in  1737:  he  is  there 
speaking  of  the  great  hopes  which  £ome  persons  had  entertained  of 
the  poflsibility  of  obtaining  zinc  from  calamine ;  hopes,  be  says, 
vhich  bad  been  realized  in  England,  Ce  qo'un  Anglois  arrive  de« 
pais  pen  de  Bristol,  dit  avoir  vu  reussir  dans  son  pays  \. 

Tbm  Danafactory,  however,  of  zinc  was  not  established  at  Bris- 
tol till  about  the  year  1743,  when  Mr.  Champion  obtained  a  patent 
br  the  making  of  zinc.  About  200  tons  of  zinc  are  annually  made 
at  the  place  where  the  manufactory  was  first  set  up ;  and  about 
leven  years  ago,  zinc  began  to  be  made  at  Heobam,  near  Bristol, 
by  James  &nerson,  who  had  been  many  years  manager  of  that 
branch  under  Mr.  Champion,  and  his  successors  in  the  business. 

*  Mineial.  Coniab.  p.  46. 

t  PolK.  Surv.  of  Brit.  Vol.  II.  p.  35. 

t  Artie.  Colam.  &  ZIdc. 

S  Tkii  obienration  was  tint  published  in  the  4tb  vol.  of  the  Acta  Pbyiico- 
Mrdica  Acad.  Nat  Car.  1737  ;  bat  I  have  maile  the  quotation  from  the  td.  of 
Hcoc^efi  Woiki,  published  at  Parif,  1760,  Vol.  III.  p.  494. 

▼OL.  ru  s 
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Nmf  twenty  jeara  ago,  I  saw  the  operation  of  procuring  tine 
from  calamine  performed  at  Mr.  Champion's  copper  works  near 
Bristol ;  it  was  then  a  great  secret,  and  though  it  be  now  bt^tter 
known,  yet  I  am  not  certain  whether  there  are  any  works  of  the 
kind  yet  established  In  any  other  part  of  either  England  or  Europe, 
except  that  before  mentioned  at  Henham      In  a  circular  kind  of 
oren,  like  a  glass-house  furnace,  there  were  placed  sii  pott  abott 
four  feet  each  in  height,  much  resembling  large  oil  jars  in  shape ^ 
into  the  bottom  of  each  pot  was  inserted  an  iron  tube,  which  passed 
through  the  floor  of  the  furnace  into  a  Tessel  of  water.     The  pot! 
were  filled  with  a  mixture  of  calamine  and  charcoal,  and  the  nooth 
of  each  was  then  close  stopped  with  clay.    The  fire  being  properly 
applied,  the  metallic  Tapour  of  the  calamine  issued  through  the 
iron  tube,  there  l>eing  no  other  place  throi^h  which  it  could  ea> 
cape,  and  the  air  being  excluded,  it  did  not  take  fire,  but  was 
condensed  into  Tery  small  particles  in  the  water,  and  being  va- 
melted  was  formed  into  ingots,  and  sent  to  Birmingham  nnder  Ao 
name  of  zinc  or  »p«lter*.     The  reader  will  understand  that  this 
line  will  be  more  or  less  pure,  according  as  the  calamine  la  free 
from  or  mixed  with  iron,  lead,  copper,  or  other  metallic  snb* 
stances.   At  Goslar  in  Germany,  they  smelt  an  ore  which  containa 
lead,  and  silrer,  and  copper,  and  iron,  and  zinc  In  the  same  masa; 
the  ore  is  smelted  for  the  purpose  of  procuring  the  lead  and  ATer, 
and  by  a  particular  contrlTance  in  the  furnace,  which  la  well  de* 
scribed  by  Cramerf ,  they  obtain  a  portion  of  zinc  in  rahttance; 
another  portion  of  it  is  inflamed,  and  the  ashes  of  the  sfaic  which 
is  thus  consumed,  and  which  it  has  been  obserred  before  aiw  called 
philosophic  wool,  &c.  stick  to  the  top  and  sides  of  the  famaooi  and 
are  denominated  by  ihe  smelters  cadmia  fornacmm^  or  fbmacs 
fragment :  these  ashes  are  used  as  calamine  is  for  tlie  making  of 
brass.    We  know  nothing  of  the  method  of  flnxing  the  sine  wUck 
is  brought  from  India.     According  to  Musschenbroeck,  a  osUc 
foot  of  Indian  zinc  weighs  7240  ounces ;  the  same  bulk  of  Godsr 
zinc,  taking  the  medium  of  three  specimens,  gave  7310  onncea}; 
the  Gdslar  zinc,  which  I  examined,  gave  only  0693  onooea  to  a 
cubic  foot;  a  cubic  foot  of  English  zinc,  from  Bristol,  weighs 

*  There  is  another  sobttance  which  ik  denomimUed  spelter  or  spelter 
by  the  bfazieni  it  ii  comp<Hed  of  two  parts  of  zioc  and  ooe  of  bmss* 
f  An  Docin.  YoL  1.  p.  236. 
t  iDtrod.  ad  Phil.  Mat.  Tel.  II. 
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KS ;  vti  kvQce  if  ih«  ti^fcttiMt  of  smE  be  a  cnierioa  of  its  pu. 
ty,  MT  Englsh  line  t«  prcfrrabte  lo  thr  Iminn,  bmI  narly 
■Ml  (vtk  Gcmati  linr. 

irtkemler  his  tiTT  f^ti  ■  pi««0  of  liae,  it  will  gin  bin 
■w  Mm  of  il  to  bi-  lo4il.  that  la  roloor  it  b  not  unlike  l>^ ;  (hat 
la  tard  mJ  «morous,  and  mjIWMe  in  •  ^iihII  ilr^n^:  Ibit  it 
M  nut  mHl  M  Mfdv  ai  tin  or  trad,  bat  wore  rtii'y  llua  qlr^r  or 

«( in  a  dpfree  of  li*«t  ]!*•«  toScient  to  nelt  il,  it  b 
■jr  tolo  •  hmd  of  grejr  «»be«  •ithoat  Vioc  i*laa*4 ;  ikii  m  a 
M^f  beol  it  baroi  with  ■  j^Uoaiih  Moe  or  ^rf^  la«r,  r*«*tT. 
ittft^fioioawkiteeanb,  ■bJcfeisdrivMoff' by  tbciiolMM*  oTAb 
B<wi»glhe  coabDition,  or  r 
le  Hko  a  V*''*  °'  cDitoB  WOOL  TUt  < 
itrlUflf  an  riprinnil  ai  aaj  ia  cbiwiiin,  *od  it  ii  m  iW 
■er  of  "ny  person  to  make  it,  bjr  cprinkna^  Itmgi  af  nor  ««  a 
I  of  baming  cbircoal,  or  on  a  pokrr,  or  oAer  pieco  of  iraa 
Ited  to  a  ahilp  btal ;  it  b  Uutproprrtf  sbicb  reodenfciatSo^ 
■inc  ol  i^eal  a*e  in  brr-worki.  Zhk  h  a  rerj  wag  afar  aw^. 
:  inbttanre;  it  not  only  bnrm  obcs  ivftnrntly  h#n3e4  vilhs 
rM  flame,  bat  it  jielib  an  rnliMmble  Mr  hy  )o*a<ia*  fa  tfea 
id*  of  (itriol  and  of  lea  lalt,  and  eren  in  Base  of  iu  •*••  H  m. 
leXa  ■  phoiphonc  qaalilj  :  I  bar*  tern  a  piece  of  Uiefc  jark 
101  Frciburi:,  abich  beii^  tcntcWd  r*  (bo  dark  vitfc  Ac  ^  of 
Aifer  emitted  a  strong  »t.i(e  tl^t.  Tbe  CUmw  xiac  it  mU  to 
intaiB  alNiat  half  a  pound  of  lead  in  an  bnatlnd,  and  the  Cir— 
•c  M>n»«bal  more*  ;  aod  oar  Engliib  siac  i*  tbaagbl  kf  tove 
Rnke  Ike  copper  with  wtucb  it  is  BKlted  binfcer  vad  iMa  miBh 
•  dwa  wbea  Htber  of  the  otbor  tort*  of  tine  b  «ted  ;  tbongk 
b  apiaioa  I  raipett  b  ralber  toma6td  ia  pevjadiee  Ihta  ttt  trwik. 
hcrei*  aaeatjr  aieihod,  « ben  pare  atee  ii reqaired,  of  ttfUMmt 
t  notUngmorebrfqaired  thaa  to  pctt it  wHb  la^fcar  aad  mm» 
t  ivbaUnce  to  prerent  il*  ealciaattow,  for  ike  nipkwr  w||  Mrito 
tielf  lo  ^lead,  the  copper,  or  tbe  iron  eoatii««d  ia  ibo  zinc, 
ad  redoce  them  to  n  kind  of  tcoria,  wbicb  aaf  be  trparated  from 
c  meKed  lioc,  bat  it  hai  no  action  on  the  tine  itolf  >.     Ttm  sioe 


(hoilpfeari  bof  ■«  thdg^nml'iew.  Ipvpnwij  paaorcra 

'.  drttmdtj  ctteoacd  efpmi  i«p«tMfC  by  pcneai  4or^  AOM  la 
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made  by  Mr.  Emerson  is  whiter  and  brighter  than  any  other  either 
English  or  foreign  xioc  ;  but  I  do  not  know  that  it  owes  these  qua. 
lities  to  its  being  purified  by  sulphur.     Zinc  and  copper^  when 
melted  together  in  different  proportions,  constitute  what  are  called 
pinchbecks,  &c.  of  different  yellow  colours.     Marggraf  melted 
pure  zinc  and  pure  copper  together,  in  a  great  Tariety  of  propoiw 
tions,  and  he  found  that  eleren,  or  eyen  tweWe  parts  of  copper 
being  mixed  with  one  part  of  zinc  (by  putting  the  zinc  into  the  cop. 
per  when  melted)  gare  a  most  beautiful  and  very  malleable  tombac 
or  pinchbeck*.     Mr.  Baume  gives  the  following  process  for  mak- 
ing a  metal,  which  he  says  is  called  Or  de  Manheitn^  and  which 
is  used  for  imitating  gold  in  a  variety  of  toys,  and  also  on  lace«— 
Melt  an  ounce  and  a  half  of  copper,  add  to  it  three  drams  of  liocy 
cover  instantly  the  mixture  with  charcoal  dust  to  preyent  the  cal- 
cination of  the  Kincf .     This  covering  the  melted  mass  with  char* 
coal  is  certainly  serviceable  in  the  way  the  author  mentions;  aod 
it  is  on  a  similar  principle,  that  when  they  melt  steel  at  Shefitld 
they  keep  the  surface  of  it  covered  with  charcoal ;  bnt  I  thisdL  it 
probable  also,  that  the  'charcoal  contributes  to  exalt  tko  goldtn 
colour  of  the  pinchbeck.     These  yellow  metals  are  seldom  io  mal- 
leable as  brass,  ^  on  account  of  the  zinc  which  is  used  in  making 
them  not  being  in  so  pure  a  state,  as  that  is  which  is  combiBid  witii 
copper  when  brass  is  made ;  yet  it  appears  from  the  eiperinMnli 
of  Marggraf  and  Banm6  before  mentioned,  that  when  pnra  line 
and  pure  copper  are  used  in  proper  proportions,  yery 
brass  may  be  made  thereby.     Mr.  Emerson  has  a  patent  for 
ing  brass  with  zinc  and  copper,  as  I  have  been  informed  ;  aad  Ui 
brass  is  said  to  be  more  malleable ;  more  beautiful,  and  of  n  colonr 
more  resembling  gold  than  ordinary  brass  is.     It  is  quite  tnm  tnm 
knots  or  hard  places,  arising  from  iron,  to  which  other  braif  iainly- 
ject ;  and  this  quality,  as  it  respects  the  magnetic  needlo,  rendeif 
it  of  great  importance  in  making  compasses.     The  method  of  mab 
ing  orduiary  brass  I  will  now  describe. 

Copper  in  thin  plates,  or  which  is  better,  copper  redvotd  (bjr 
being  poured,  when  melted,  into  water)  into  grains  of  the  dw  of 
large  shot,  is  mixed  with  calamine  and  charcoal,  both  in  powder| 
and  exposed  in  a  melting  pot  for  several  hours  to  a  fire  not  qniti 
strong  enough  to  melt  the  copper,  but  sufficient  for  uniting  the 

metallic  earth  of  the  calamine  to  the  phlogiston  of  the  coal ;  this 
-  ■  -  - 
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nkm  farmi  a  metallic  sobstance,  which  penetrates  the  copper 
COWtiKVOVs  to  It,  changing  its  colour  from  red  to  yellow,  and  aog- 
mentmf  its  weight  in  a  great  proportioo.  The  greater  the  surface  of 
a  de6oitiTe  weight  of  copper,  the  more  space  has  the  metallic  Tapour 
of  the  calamine  to  attach  itself  to ;  and  this  is  the  reason  that  the  cop. 
per  is  graoolated,  and  that  it  is  kept  from  melting  and  rnaning 
hto  a  mass  at  the  bottom  of  the  vessel  till  near  the  end  of  the 
opeiation,  when  the  heat  is  increased  for  that  parpose. 

The  German  brass.makers,  in  the  time  of  Erckem,  msed  to  mix 
•ixty-foar  pounds  of  small  pieces  of  copper  with  forty- six  pounds 
«f  calamine  and  charcoit,  and  from  this  mixture  they  gc-nerally 
dMalncd  90  pounds  of  brass  *.  Cramer  recommends  three  parts 
of  powdered  calamine  to  be  mixed  with  an  equal  weifht  of  charcoal 
daft  and  two  parts  of  copper,  and  says  that  the  brass  obtained  by 
the  proceii  exceeds  the  weight  of  copper  by  a  fourth,  or  eren  a 
tMwd  part  of  its  weight +.  At  mc»st  of  our  English  brass  works 
tkey  nso  forty. fire  pounds  of  copper  to  sixty  pounds  of  calaoune 
for  making  ingot  brass,  and  they  seldom  obtain  less  than  sixty,  or 
vore  than  seventy,  pounds  of  brass  ;  at  IloiyweU  they  reckoned 
the  medina  pnduct  to  be  sixty^ight :  and  hence  a  ton  of  copper 
by  Ihif  operation,  becomes  rather  mora  than  a  ton  and  a  half  of 
imas.  Tbit  is  a  larger  increase  of  weight  in  the  copper  than  i§ 
obwnrcd  in  any  of  the  foreign  manufactories  that  I  have  crer  read 
of;  and  it  may  be  attributed  to  two  causes — to  the  superior  excel . 
itnca  of  onr  calamine,  and  to  our  usinj;  granulited  copper.  Pos. 
tkthnmytn,  in  hb  Commercial  D.cticDarv,  attributes  the  d.ff  recce 
in  tlM  ineranie  of  weight  acquired  by  the  brass  to  the  differ^rnt  na. 
taras  of  the  coppers  which  are  used  :  *'  There  is  aa  increase  of 
fcity^eigiit  or  fifty  pounds  in  an  hundred,  if  copper  of  Hsngary 
•rSwetleo  be  nsed;  that  of  Norway  )i«rlds  but  triirty^ight,  and 
ihat  of  Italy  but  twenty."  Wnen  they  make  braji  fvhich  is  to  be 
CMt  into  plates,  from  which  pans  and  keities  art:  to  h^  mad^,  and 
irira  ift  to  Im  drawn,  they  use  calamine  of  the  ioeit  sort,  and  in 
a  graater  proportion  than  when  common  brass  is  made  ^g^-n*- rally 
fifl^-rfz  ponnds  of  calamine  to  thirty.fonr  of  copper.  Old  brass 
widch  bnalicen  frequently  exposed  to  the  action  of  fire,  when  mix. 
ad  with  the  eopper  and  calamine  in  the  nuking  of  brass,  renders 


•  Flctt  aloor,  bj  Sir  J.  Petty*,  p. «86-  Ncwwaa  giTei  the  mmc  praportios' 
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the  brass  far  more  dactile,  and  fitter  for  the  making  of  fine  wirt| 
than  it  would  be  without  it ;  but  the  German  brass,  partiGnlarly 
that  made  at  Nuremberg,  is,  when  drawn  into  wire,  xaid  to  ba 
preferable  to  any  made  iu  England  for  musical  instruments.  If  this 
preference  be  real,  it  will  cease  to  exist  as  soon  as  any  ingeBlooi 
mail  shall  undertake  io  examine  the  subject ;  for  our  materials  fof 
maki:ig  brass  are  as  good  as  any  in  the  world.  The  qaantitj  of 
charcoal,  which  is  useii,  is  not  the  same  at  all  works  ;  it  is  gena* 
rall^  about  a  fourth  part  of  the  weight  of  the  calamine  2  an  excns 
of  charcoal  can  be  attended  mith  no  other  inconvenience  thaothat 
of  uselessly  Tiling  up  the  pots  in  which  the  brass  is  made;  bil 
pondered  pitcoal  which  is  used  at  some  works  in  conjunction  witk| 
or  in  the  place  of  charcoal,  greatly  iiijuns  the  malleability  of  tht 
brass.  As  to  black  jack,  the  other  ore  o^  xinc,  it  is  not  io  com* 
monly  used  as  calamine  for  the  making  of  brass.  The  mannfiictiiiw 
ers  have  been  somewhat  capricious  in  their  sentiments  coQcerniag 
it ;  some  have  preferred  it  to  calamine,  and  others  have  wholly 
neglected  it ;  and  the  same  persons  at  diderent  times  haTO  mada 
great  use  of  it,  or  entirely  laid  It  aside.  There  most  have  bcea 
some  uncertainty  in  the  produce  or  goodness  of  brass  made  by  thii 
mineral,  to  have  occabioned  such  different  opinions  coDCeming  it| 
and  this  uncertainty  may  hafc  proceeded  eithir  from  tbt  variablo 
qualities  of  the  mineral  itself,  or  from  the  onskilfulnesa  of  tht 
opt^rators  in  calcining,  ^c,  a  mineral  to  which  they  had  notbeca 
much  accustomed.  Several  ship  loads  of  it  were  tent  a  few  yem 
ago  from  Cornwall  to  Bristol,  at  the  price  of  forty  shillings  dovm 
to  a  moidore  a  ton  *•  Upon  the  whole,  however,  experienoi  hsi 
not  brought  it  into  reputation  at  Bristol. 

For  many  purposes  brass  is  more  useful  than  copper;  it  k 
lighter,  harder,  more  sonorous,  more  fusible,  less  liable  to  tcilt 
in  the  fire,  and  to  rust  in  the  air.  It  is  not  malleable  whoa  ha/kf 
and  in  this  respect  it  is  inferior  to  copper :  hot  when  coM  it  any 
be  beat  out  into  thin  leaves,  as  may  be  seen  in  the  brass  leaf,  wkMl 
emulates  in  colour  and  thinness  gold  leaL  If  a  brass  leaf  bo  ktU 
in  the  flsme  of  ■  candle,  the  metallic  part  of  the  calamine  will  bt 
Inflamed,  and  the  brass  will  he  changed  into  copper.  TUs  cbaige 
of  brars  into  copp<  r  will  take  place  in  the  largest  massea,  aa  well 
as  in  thin  leavts  of  it,  if  the  brass  be  kept  a  soflicient  tine  in  • 
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Tlw  nnrijr*  in  tiw  cohMr,  ■ 
4i»ctiHlj  «f  bnM,  imMTcd   rna*  ibc  qnsti^  atid  mmUtj  at  ll 
ViIaoAM  iMtMbrd   b^  ibr  copper  ;  and  Ike  ^MlMy  aT  IW  e 

^tf  MCrirrvm^annr  of  no  iMill  uk))artaa<«  in  tJw  »>fci^  4f<J 
■K.  "1  h«*r  obi^KMl,  tajf  Dr.  Lc«u*,  in  aUipiria(ca>4 
imMtt  ••  ttMf  nal^Ki,  ilul  a  li'tlr  of  tbe  csUaia*  (itet  it,  ifJ 
MBC  roBiBWr^  in  )tte  raUaiiiH-)  ^«Im  the  c«fa«c  of  tfe  p 
-,  mmi  rrm6rrs'a  fmir;  Ihai  ohm  lb*  eoffter  Imc  laMted  ■ 
rwrlAk  ofh'*  ovB  i"i|t'"-  ill'  cti4t>Br  iBdnc*  to  jcUav ; 
yHI»«n*s4  iiicTr«M«  mure  and  K«rr  liM  Ac  pfrti—  e 
oa  to  mr-hair ;  tkal  on  faiihrr  — gttbg  tfe  oIhmi^  . 
pslrr  and  pakr,  and  al  hat  vyta."  Aa  ts  4*  t 
illii'i  ot  diffcrral  kiMb  «l  copper,  tkj  BR  wSa> 
nUljr  tnoMB  lo   Korkmra  Mffplofnl  «i 

far  ottsrrrpd  lke«,  aa  to  J 
4WU  af  ntppn  bjr  tbr  dtfrmrt  veigbia  «hiefc  ayftttJi  to  c^ad  - 
■IL>  bf  ihrm.     Tbe  li^tHt  evpprt  «hkk   M— ehwfcrat 
0tic*d,    k  that  •bicb  n    pr«cipiiu«<l    fro*    ibe   tifptr 
■   Ovngary  ;  a  cabtc   font  of  ibk  awt  «ei^bMl,  «fcea  i 
'«»  omm:  amd   hi  liiiiiiir  mil  bi  ■iwliiai  ■  thi    f ijm  n 
•r;   ■  e«bie  Ibai  ^f  it,    «h*a  a 

Wion.      Tlw4>|iFreii«e<rftbewngfcla^cq«ltirika«f  Adcr 
BHi  of  npfwr  ia  f  **j  MMid«T<ble ;  bat  j«l  H  ii  ■ 
4Mf  mjr  br  abtrfrni  bf i<r««  (wo  »pfd»<—  «f  Ob  mmc  aact  aC^ 
«■«    of    wbirb   his   tarr«   CMl, 
•rottgbl:  tbeniiK  Haogittan  coppn,  < 

\tij   wrtghM)  7t11  OHM*  (0  ibe  cubic  font,  «h«a  it  b^  beaa  a 
4nied  bj  bring   long   bammmd,  vagbcd  SOU.     lUsf  «f  a 
^IWi  wrtton  rslisalr  (be  «Mght  of  a  tabic  (aa(  «f  capprr  at 
100  ommu ■  t,  b«t  tbrv  da  not  lajr  sbetbcr  ibe  tmfptt  mu  ailr 
I  WTfHy,  ar  ba»n>«r*d ;  oor  fnm  what  mm  it  vaa  pn*mn4. 
fmsd  tbe  «nghl  of  a  cab«c  foot  «f  plal«.ferMt  fnm  BfitUt  to  * 
I B44 1  eaacet,  aad  that  af  a  rabie  foot  rf  aid   brm  tnm  A*  ^ 
bttcMD  of  an  old  ketlir  lo  be  881 0  ;  which  thnn  that  it  a) 
I  (a  tbe  WM|^  of  copper,   and  iixteed  fron  Ihe  redaCM  of  iCt  ap-    ' 
:nee   it  teemed  aa  if  all  the  lioe  had  beea  banw^  a«af .     1 
preteat  made  aie   of  a  fine  cell  (the  ■Dtiqnariea  arc  aot 


•  Vmaaii'i  Cbna.  hr  Lest*,  nom,  r>  »• 
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agreed  concerning  the  uses  (o  which  the  celts  were  applied,  nor 
whether  they  are  to  be  esteemed  Briti>h  or  Roman  in&trumenta) ;  it 
was  coYrred  oTer  with  a  thick  patiua.  I  heated  it  in  the  fire^  Ib 
order  to  get  rid  of  this  precious  patina,  or  green  rust,  and  took 
the  specific  gravity  of  it  when  quite  freed  from  its  rust,  with  great 
care ;  a  cubic  foot  of  it  would  have  weighed  only  O^iifO  oancct.  It 
was  not  malleable  ei the r**** lien  hot  or  rold.  1  ihen  melted  it: 
when  in  a  state  of  fnsion  it  emitted  a  blu  fl  ime,  and  a  thirk  white 
•moke,  which  are  esteemed  certain  marks  of  zinc.  I  m**ltedita 
second  time,  but  there  was  no  appearance  of  either  flame  or  smoke, 
the  zinc  had  been  all  consumed  :  I  could  not  observe  any  lead  ia 
it  j  a  cubic  foot  of  it,  after  it  was  g'  ntly  cooled  from  its  state  of 
fnsijn,  weighed  8490  uuncts  ;  aad  it  was  now  mallf*4bic,  as  oold 
brass  always  is:  it  was  composed.  I  think,  of  copper,  calanioe, 
and  tin ;  and  I  have  hrard  that  Komn  celts  contain  a  lit  tie  silver. 
The  chanjG[e  of  texture  which  if  tiad  undergone,  by  being  long  bo. 
ried  in  thetarth,  occasioned  its  coinparat  vh  [v\Uy  :  this  dimiaii- 
ticn  of  wf-ii^ht,  which  decaying  br iss  sustains,  is  not  pecnliarto 
brass ;  ii  \  robably  belongs  to  iron  and  other  metallic  substanees 
subji  ct  to  decay ;  and  it  certainly  belongs  to  many  species  of 
stoni  s.  I  have  in  another  place  observed,  that  a  cubic  foot  of 
tnadsitonc  has  different  weights,  according  as  the  stone  is  mora  or 
less  decayed  ;  that  whirh  is  most  decayed  being  the  lightest.  We 
have  a  stratum  of  blueish  grey  ragstone  in  Westmoreland,  wUck 
lies  under  the  limestone ;  large  cobbles  of  this  sort  of  stone,  which 
are  eiposed  to  the  air,  are  decayed  to  a  certain  depth  from  the 
surface,  whilst  the  inward  part  seems  entire  ;  a  cubic  foot  of  the 
outward  part  of  one  of  these  stones  weighed  3378,  when  tha  in- 
ward part  of  the  same  stone  weighed  2603  ounces  to  the  cobic  ibot. 
This  ragstone  is  very  hard,  but  the  same  phenomenon  may  bo  no- 
ticed in  a  stone  still  harder.  The  Cambridgeshire  black  flint 
weighs  259*2  ounces  to  the  cubic  foot ;  the  same  flint  being  in  ptit 
decayed  and  become  externally  white,  thou^^h  black  within,  weigk 
ed  2414 ;  and  when  become  wholly  white,  2400  ounces  to  the  ta- 
bic foot ;  the  general  reason  of  this  seems  to  be,  that  the  pores  of 
the  decayed  body  are  augmented.  Mr.  Kirwan  has  well  esqilained 
the  manner  in  which  nature  operates  in  decomposing  stones. 
'*  Flints,  jaspers,  petro.silex,  felt-spar,  granites,  lavas,  and  fer- 
rugineous  stones,  have  frequently  been  said  to  be  decomposed  by 
the  air,  and  the  observations  of  Mi.  Greville  and  Sir  W, 
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too  hKwe  mnorpd  ewpvj  doabt  I  entertained  on  tW«  bend.     Wiik 
rag{ifd  to  ffrrugineoos  stones,    in  whi-li  the  c  \%  M  iron  b  not 
mocb  dephio  isticftted,  this  decompositioQ  is  #««Pt  onderstiMd ; 
for  thi«  mU  i^ndnaUy  becomes  n;ore  dephlo^iMicated  by  the  nction 
of  tlif  wat«'r  and  air,  attracts  water  and  fixed  air,  and  loftes  its 
adhermce  with  th»*  siliceous,  or  other  stooF  particle :  thi«  is  seen 
to  happen  to  basaltos,  toadstune,  ferroeineoos  iimectone,  &c.     In 
other  stones,  this  decomposition  may  arise  from  their  eontaniBg 
caJrareou>  earth  in  a  caostic  state,  or  manganese :  fur  these  vill 
gradually  attract  water  and  fixed  a!r,  and  then  swell,  bnrst,  and 
looacn  ikt  whole  texture  of  the  stone,  as  we  see  happen  to  bricks 
4hnt  contain  lime.    Thus  also  glass  is  decomposed  by  long  expo* 
tore  to  the  air,  the  alkali  attracting  water  and  aerial  ack).     Mor- 
tar, on  the  contrary,  hardens  by  long  exposor**  to  the  air,  becanie, 
thongh  *he  aerial  acid  be  attracted,  yet  a  great  part  of  the  water 
exhales*.'*     The  changes  produced  by  the  looa:  exposure  of  hodki 
to  tke  air,  and  the  causes  of  them,  deserve  a  mure  minnte  investL 
galuin  than  has  hitoerto  been  bestowed  on  them ;  some  adraotage 
Bifcht,  perhaps,  be  derircd  from   the  inquiry  to  onr  maooCacCn* 
rers  ;  for  I  htre  cau?e  to  think  that  iron,  which  has  been  exposed 
to  the  Mir  for  three  or  four  years,  is  a  very  dihen'Ot  substance  froas 
tke  saoM  iron  when  just  made  :  and  the  same  otKerr-ttioo  will  pro. 
hably  hold  with  respect  to  copper  and  brass.^-'But  to  return  from 
this  digression.     The  calamine  of  Bohemia  contains  iron ;  most  of 
oar  English  calamine  con>ains  lead  ;    and  there  are  sooie  sorts 
wlueh  contain  both  iron  and  lead,  and  other  metals  in  diderent 
piopQrtkwM  :  these  sorts  can  seldom  be  freed  from  the  extraneous 
aetab  ;  and  hence,  in  the  ordinary  method  of  making  br^u^  they 
will  be  mixed  with  it,  being  fusible  in  th«»  degree  of  in-at  usually 
employed  in  making  brass.     Cram*  r  •; « ntiuns  a  wptj  ingenious 
sthod  of  making  brass,  by  which,  if  it  «>hould  b«*  thought  ntces. 
to  do  it,  the  brass  may  be  prt-^^nred  pure  tro'n  these  hetero* 
geneons  mixtures.     He  orders  the  calamine  and  charcoal  to  be  mix- 
ed whk  moistened  clay,  and  rainmf d  to  the  bot'on  of  the  malting 
pot,  nad  the  copper  mixed  with  charcoal  to  b**  ^'.i*'d  upon  the 
clay  I  tkaSy  the  proper  degree  of  heat  l>eing  afiplp-d.  ^n**  Tapour 
ef  the  line  contained  m  the  calamine  will  ascend  thruu^ri  the  tlay^ 
ittnffh  itself  to  the  caliper,  but  tiie  iron  or  lead  contained  in  the 


•  Eleaenu  of  Mia.  by  R. Kirwaa.  p.  111. 
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calaminei  not  being  ToUtile,  will  remain  in  the  clay,  and  the  bras 
when  the  wht»le  is  melted  will  not  be  mixed  with  them,  bot  rcit 
pore  on  the  surface  of  the  clay.  Mr.  John  Champion,  brother  to 
him  who  first  established  the  manufactory  of  sine  at  Bristol,  u  a 
Tery  ingenious  metallurgist,  and  he  has  lately  obtained  a  patent  for 
mailing  brass  by  combining  sine  in  vapour  with  heated  copper 
platt-s,  and  the  brass  is  said  to  be  yery  fine ;  whether  the  procfM 
be  uses  has  any  correspondence  with  this  mentioned  by  Cramer,  or 
not,  his  brass  will  certainly  be  free  from  the  mixture  of  lead| 
&c.  But  the  care  to  purify  brass  from  such  metallic  mixtnrci  n 
may  be  accidentally  contained  in  the  calamine,  Is,  or  is  not  nicw 
sary,  according  to  the  purposes  to  which  brass  is  applied.  TlNat 
mixtures  may  probably  injure  the  malleability  of  the  brais,  bit 
they  may  at  the  same  time  increase  its  hardness,  or  render  it  IM* 
ceptible  of  a  better  polish,  or  give  it  a  particularity  of  colour,  or 
some  other  quality  by  which  it  may  be  more  useful  in  certain  ma* 
Dnfactories,  than  if  it  was  quite  free  from  them,  and  contisted  of 
nothing  but  the  purest  metallic  part  of  the  calamine,  united  to  the 
purest  copper.  This  may  be  illustrated  from  what  is  observable  In 
other  metals.  The  red  iron  ore  from  Furness,  in  Lancashire,  pro- 
duces an  iron  which  is  as  tough  as  Spanish  iron  ;  it  makes  veiy  fine 
wire ;  but  when  converted  into  bnrs,  It  is  not  esteemed  so  good  as 
that  which  is  made  in  the  forest  of  Dean,  and  other  places.  I^aie 
are  but  few  sorts  of  iron  which,  though  useful  in  other  respectii 
are  fit  for  being  conferted  into  steel :  some  sorts  of  iron  will  ad- 
mit a  high  |joli»h,  as  may  be  seen  in  many,  expensive  grates  whlck 
are  sold  as  grates  of  polished  steel,  though  they  are  nothing  bnft 
iron;  nhilst  others  take  but  a  very  indifferent  polish;  the 
dish,  Russian,  and  English  irons,  and  even  the  irons  made  at 
ferent  furnaces  in  the  same  country,  are  respectively  fit  for 
purposes,  and  unfit  for  other  :  he  who  should  attempt  to  mt  the 
same  iron  fur  the  making  of  wire,  and  for  coach  and  waggon 
wheels,  would  betray  great  ignorance  in  his  business.  In  like 
manner,  a  notable  difference  may  be  observed  in  different  sorts  of 
copper,  jti  all  of  them  have  their  respective  uses:  theSwedisil 
copper  is  more  malleable  than  the  copper  of  Hungary  ;  the  ooppv 
of  Anglesey  differs  from  the  copper  of  Cornwall  and  of  Staflbrd. 
shire.  The  braziers  prefer  that  copper  which  they  can  work  wiA 
the  greatest  facility  ;  but  the  malleability  of  copper  shoald  notti 
esteemed  the  only  criterion  of  Ito  goodness;  for  the  copper  wrUeh 
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s  malleable  may  admit  a  finer  polish,  tad  may  last  longer 

n  espoieil,  a)  in  brewt- ri<  i,  in  the  naiy,  &c.  to  the  action  of 

n  itie  cupper  whicli  h  more  malleable.     This  has  been 

proceJ  by  eip-  rimeiit.  Three  platri  of  cupper,  equal  (u  each  olher 

ill  turface  and    Iliickneu,  wpre   cxpuscd,   for   the   ssme   length   of 

lo  a  tiuleni   hre,   with  a  tiew  of  seeing   which   woolil    best 

n  it*  action  ;   one  plate  was  made  of  copper  wliich  had   tieen 

rified  by  a  chcmkal  process,  anolhf'r  nai  made  of  copper  from 

Igtry,   and  the  ihird  of  Swedish  copper.     Tlii-  purilipd  copper, 

ta  freed  from  (hi-  calcinated  scales,   had   lost    five  gtains   uf  III 

^l,  that  ol   Hungary  had  tost  eight,  and  that  of  liwcilen  eta> 

I  grains  •. 

Queen  Clizab<-lh.  in  15t5,  granted  by  patent  all  the  calamine  in 
Iglanil  aiid  within  the  Enijlish  pale  of  Ireland  (o  her  a;^ay  mas* 
r  VVillJjin  Humphrey,  and  one  Ihristopher  Schuli  a  German, 
I  the  patent  sets  furlh,  a  workman  of  ^nat  cunning, 
tfwled^e,  and  exiieiience,  as  well  in  the  finding  of  calaminr,  ai 
the  pruper  tue  of  it  fur  the  cumpusilion  of  Ih'-  mixt  melal  called 
en  or  bias>i.  With  these  laKnteti  were  soon  after  cis^oii. 
d  aome  of  Ihe  ijrpaiegt  men  in  the  kingdom,  ai  Sir  Nicholaa 
[MO,  the  Doke  of  Norfolk,  the  IJils  of  Pembroke  and  Leices- 
,  Lord  Cvbharo,  Sir  William  Cecil,  and  others,  and  the  wl.ole 
re  incorporated  inlu  a  society,  called,  The  Society  fur  Ihe  Mi- 
ral  and  Uattery  Worka,  in  the  year  1666.  Mines  of  latten, 
telerer  may  have  bien  at  thai  period  meant  by  the  word,  ara 
tnduned  in  the  lime  of  Henry  VI.  who  made  his  chaplain,  John 
Htwrlght,  cumptioller  of  all  hii  mines  of  gold  and  silver,  cop. 
,  latten,  lead,  within  the  counties  uf  Devon  and  Cornwall :[; 
1 1  am  di<iposed  to  tliiiik,  that  the  beg.nniiig  of  the  brass  mano- 
lury  in  Cnglind  may  be  prupeily  referred  to  the  policy  of  Eli- 
kth,  who  iiitiled  into  the  kingdom  various  persons  from  Ger. 
Uiy,  who  were  well  skilled  in  melallnr^y  and  miDiiig.  In  1630, 
proclamalton  was  issued  prohibiiini:  the  importation  of  brast 
«^;  and  about  the  year  1650,  one  Demetrius,   a  German,   set 
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up  a  brass  vrork  in  Surry,  at  the  expence  of  six  tTioasand  pounds*; 
and  aboTe  eight  thousand  men  are  said  to  have  been  employed  ia 
the  brass  manufactories  nrhich  were  established  in  Nottinghamshire, 
and  near  London  ;  yet  Sir  John  Pcttus  in  his  account  of  royil 
nines,  published  in  I67O9  observes  that  these  brass  works  wera 
then  decayed,  and  the  art  of  making  brass  almost  gone  with  the 
artists  f .  But  though  the  art  was  then  almost  gone,  yet  it  was  nfr 
▼er,  after  its  first  establishment,  altogether  lost ;  for  about  the ycir 
1708,  we  find  that  there  were  brass  manufacturers  in  England,  and 
that  they  presented  a  memorial  to  the  House  of  Commons,  settiag 
forth  sereral  reasons  for  cuntinuing  the  brass  manufactory  in  tUi 
kingdom,  and  soliciting  for  it  the  protection  of  parliament  {.  h 
this  memorial  they  stated,  that  England,  by  reason  of  the  inexhtob 
tible  plenty  of  caUmine,  might  become  the  staple  of  brass  mannfadOb 
ry  for  itself  and  foreign  parts  ;  that  the  continuing  the  brass  workl 
in  England  would  occasion  plenty  of  rough  copper  to  be  broaght 
in,  and  make  it  the  staple  (in  time)  of  copper  and  brass ;  that  the 
Swedes  had  endearoured  to  subvert  tlie  English  brass  manufactoiy, 
by  lowering  the  price  of  Swedish  brass  wire,  inveigling  away 
workmen,  and  other  means.  In  compliance  with  the  pnrportof 
this  memorial,  an  act  of  parliament  was  passed  in  the  same  jwu^ 
by  which  the  former  duties  payable  on  the  exportation  of  Mpper 
of  the  produce  of  Great  Britain,  and  of  brass  wire«  were  takea 
ofTi  and  these  articles  were  allowed  to  be  exported  free  of  duty. 
In  17^20  it  was  remarked,  that  this  nation  could  supply  itieff  wtth 
copper  and  brass  of  its  own  produce,  sufficient  for  all  occaiioiil^ 
if  such  duties  were  laid  on  foreign  cop|>er  and  brass,  as  wonlddk 
courage  their  importation,  and  at  the  same  time  encourage  the  alt 
of  our  own  metals§.  At  present  the  brass  manufactory  is  eitibi 
lished  among  us  in  a  very  great  extent ;  we  are  so  far  from  beiif 
obliged  to  have  recourse  to  any  of  our  neighbours  for  this  oqbM 
dity,  that  we  annually  export  large  quantities  of  manufactiill 
brass  to  Flanders  (it  was  formerly  called  Flanders  metal),  FraM^ 
Germany,  Portugal,  Spain,  Russia,  Africa,  and  most  other  pud  ll 
of  the  world.  In  1783,  a  bill  was  passed  by  the  House  of  Cta^|i 
mons  for  repealing  certain  statutes  prohibiting  the  cxportatioirf^ 
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*^  Suite  of  the  copper  ami  Bra»5  Manufactures,  by  W.  Wood the  saaeV^ 

son  whoBi.Swifl  handled  so  roughly  is  hit  Dnpier'c  Letters. 
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~:-I«tb*r«Sgn  of  Edward  HI.  ItiecRportationof  iron,  eiAer 
id*  at  borne  or  Uruught  into  CngUntl,  hud  bein  probibiled  upon 
■  pain  of  forreiliiig  double  itip  value  of  the  quantity  exported  *. 
a  Ibe  reigns  of  Henry  VI  li.  and  KUward  VI.  seferaj  acts  of 
t  had  been  parsed,  prohibiting  the  exportation  of  brasi, 
,  lallen,  bell-m^td,  pag. metal,  gun-metal,  throf. metal,  nn- 
e  penally  I.  The  general  reason  for  pojsing  these  act* 
iriaipty  does  not  apply  to  the  present  state  of  our  aiiues  and  ma- 
(  the  reason  was  this — lest  there  should  not  be  metal 
I  the  kingdom  fil  fur  making  of  guns  and  other  en. 
giius  of  war,  nor  fur  household  uliiu&iU.  The  foremeutioned  act* 
of  puliAmenl  were  particularly  repealed,  by  an  act  passed  in  tha 
sixth  jrrar  of  William  and  Mary,  by  which  it  was  rendered  Uwfnl 
to  esport,  after  the  SSth  of  March,  1694,  all  manner  of  iron,  co^ 
per,  ar  nundick  metal;  but  the  prohibition  of  the  other  metali 
wif  ntotiitued.  The  brass-makers  in  1783  applied  for  the  same 
liberty  which  had  been  granti^d  to  the  iron  and  copper  smeltera, 
k  liberty  of  exporting  the  crude  commodity  ;  this  liberty  was  not 
granted  them  by  the  legislature,  for  the  bill  which  had  passed  the 
House  of  Comaions,  was  thrown  out  by  the  Lordx.  The  Birming. 
hun  maiiufitclurers  presented  a  petition  to  the  House  of  Com. 
tDoni,  against  the  bill  which  was  then  pending;  in  which  petition 
it  was  represented — that  frequent  attempts  had  been  made  to  erect 
maonbctores  similar  to  those  of  Birmingham  in  different  parts  of 
Etirope,  and  that  the  excellence  of  some  of  the  Birmingham  arti. 
clea  depcndrd  upon  brass  of  very  diUerent  itualitics  ;  and  that,  for- 
tnnatH/  Air  this  country,  there  were  several  sorts  of  brass  that 
wer«  peculiarly  adapted  to  the  different  branches  of  their  manufac> 
tQm  ;  so  that  the  sort  which  was  suilabte  for  one  article,  was  im< 
proper  for  another  :  and  that  they  had  reason  to  believe,  that  iho 
inaDn«r  of  adapting  the  various  sorts  of  English  brass  to  dilTerent 
uiiclci  In  their  manufactures,  was  not  known  to  foreigners ;  but 
that  if  frt-e  liberty  was  given  to  export  brass,  every  maker  might 
be  indaced  to  discover  the  peculiar  uses  of  his  sort,  and  that  very 
disagreeable  consequences  to  their  manufactures  might  thereby  ba 
produced.  The  petitioners  also  represented — that  brass-makers^ 
tn  different  provinces  of  this  kingdom,  had  not  succeeded  in  making 
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therorftof  briM  madp  in  oth«*r  provinces ;  and  that  onegmf  conpanf 
of  brai8.mak<>r8  had  nut  succeedeil  in  making  brasa  suitable  for  tbt 
Birmingham  market,  Chough  th*y  hod  profess*^  an  earne>t  dviira 
to  do  ao.  And  they  hamblj  apprel.pnded.  that  thf*re  nev'-r  hid 
been  ^uch  a  qoantitjr  of  brass  eiportcd  as  to  r*  nder  it  a  national 
object ;  and  that  there  was  not  a  prob  bility  of  anj  such  quantity 
befog  eiported,  though  ao  much  mi^^hi  be  as  to  raise  a  minoai 
comp«4ition  to  their  manufactures,  &c* 

The  brasi  makers,  it  may  bf  saitl^  ^ulTered  an  injury  in  beiag  pro. 
hibited  from  eiporting  a  commodity  by  which  they  might  be gaioerii 
merely  lest  the  gn  at  brass  manufacturers  should  los**  aomewbal  o( 
their  profit,  by  h«iTin«  a  less  extensive  trade.    But  th's  is  not  m  pio* 
per  state  of  the  ra««e  |    it  is  not  for  ih«*  salie  of  the  great  brass  na* 
nufacturers  that  the  prohibition  of  exporting  brass  U  rontiaued,  ntir 
is  there  any  want  of  that  metal  in  «hp  kingdom ;  bnt  Iff^it  foreignefi 
should  rival  us  in  a  trade  which,  in  afl'ording  '  mplovoieiit  to  wtmf 
thousands  of  people,  is  of  the  greatest  ronsequenri*  to  the  kingdoai 
in  general.     The  proprietors  of  fullers  earth  have  been  prohibited 
from  exporting  that  material ;  not  out  of  any  partial  regard  of  tha 
legislature  for  the  great  woollen  maniifarttirers,  hut  lest  the*naBiber 
of  persons  employed  in  that  manufacture  shoukl  be  much  leaBened| 
if  foreigners  were  supplied  with  an  article  so  essentially  aeceaaary 
to  its  perfection,  as  fullers  earth  is  found  to  be  ;  and  thoagb  otim 
nations  have  fullers  earth,  yet  that  which  is  met  with  io  Riglaadis 
reckoned  to  be  fitter  for  the  woollen  manufactory,  than  any 
which  has  yet  been  found  in  any  part  of  the  world.  Tkla 
tion  may  be  applied  to  the  subject  we  are  speaking  of.      Gfeaft 
quantities  of  good  brass  are  made  by  most  nations  io  Eofope,  ai 
well  as  by  the  English  ;   but  the  English  brass  is  more  adapted  It 
the  Birmingham  manufactories  than  any  other  sort  is  ;   and  henoi 
in  France,  Portugal,  Russia,  and  Germany,  our  unmannfactaval 
brass  is  allowed  to  be  imported  free  of  duty,  but  lieavy  dntiaa  ait 
imposed  in  those  countries  on  manufactured  brass  when  inipoHad* 
The  manner  of  mixing  different  sorts  of  brass,  so  as  to  aaake  tha 
mixture  fit  for  particular  manufactures,  is  not  known  to  foreigners; 
though  this  is  a  circumstance  of  the  greatest  importance :  bnt  thera 
can  be  little  doubt,  that  if  foreign  nations  were  possessed  of  all  tha 
sorts  of  English  brass,  they  would  soon  seduce  our  workinen  to 
instruct  them  in  the  manner  of  mixing  them,  and  io  soma  otiier 
little  circumstaDoes,  which  are  not  generally  known^  but  on  which 
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the  incctai  of  th»  manufacture  depends  in  a  grenl  dtgret.    On  theeo 

ind  other  Bccoiiats,  till  comtaeri:!?  puts  un  a  more  liberal  appear* 

ance  than  it  has  hilherto  done  in  Kurope  ;  till  dilTi'rrnt  nations  shall 

be  disposed   lo  cuH'idcr  themselves,    willi  respect   (o  commercial 

iaterrtts,  as  diSerent  provinces  only  of  the  same  kingilum  ;  it  uiay, 

probably,  be  thought  expedient  (o  continue  the  acts  prohibiting  Iha 

eiportation  o(  unwrought  brass,  (hough  the  reasons  which  induced 

the  legislature  to  p»$s  Ihem  hare  long  since  ceased  to  eit-t.     I  do 

not  enter  into  the  inqairy,  when  the  custom-house  olticers  began  ta 

make  >  distinction  between  wrought  and  unwrought  liiasi,  »ij  as  to 

■nit  the  former  lo  an  entry  for  exporlalion  and  not  the  latter; 

it  1  apprehend  it  vras  in  the  year  1721,   when  various  goods  and 

wrcbatuliies  of  the  product  or  manufactures  of  Great  Britain  were 

bv«I,  by  act  of  parliament,  to  be  tiporled  free  of  duly  ;  lapii 

ninaris,  lead,  aud  several  other  urticlcs  nre  enumerated  in  the 

I  which  the  duty  kbs  to  be  continuL'd  ;   but  in  this  enumera. 

lere  is  no  mention  made  of  unwrought  brass,  thou(;h  it  may 

erty  b<  considered  as  a  merchandize  of  the  product  of  Great 

bot  the  quantity  of  brae»  u  hich  was  then  made  in  the 

[don  >as  to  small,  that  it  did  not,  probably,  enter  into  the  con. 

MpUttoii  of  the  legislature  to  forbid  an  exportation,  which  did 

it  f«em  likely  ever  lo  take  place.     Brass  is  made  in  various  parts 

t  Great  Britain  i  but  the  Bristol,  M ace Iik Held,  aud  Warrington 

mpanUs  are  the  only  ones,  I  biiieve,  which  g<5  through  all  the 

racesses  of  smelting  the  copper  from  its  ore,  of  preparing  the  cala. 

,  and  of  uniting  it  with  topper  for  the  making  of  brass.     The 

e  of  brais  making  has  within  these  few  months  been  much  de. 

jed  throoghout  the  nation,  by  an  agreement  which  has  been 

d  into  by  some  of  the  principal  copper  companies,  to  the 

on  of  others,  ti>  buy  up  all  the  copper  of  the  mines  now  at 

t  in  the  kingdom.     The  effect  of  this  plan  is  not  yet  generally 

r  felt  or  fori 

iBithop  fValton. 
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CHAP.  II. 

ON  ORICHALCUM,  AURICHALCUM,  OB  THE  BRASS  OF  THB 

ANCIENTS. 


W  E  hsTe  a  proof,  from  the  writings  of  Cicero,  that  the  Romanii 
io  hi8  time,  understood  bj  the  term  orichalcum,  a  metallic  sabstaoce 
resembling  gold  in  colour,  but  ycry  inferior  to  it  iu  value.  He 
puts  the  folliiwing  case—'-  Whether,  if  a  person  should  offer  a 
piece  of  gold  to  sate,  thinking  that  he  was  only  disposing  of  m  pieee 
of  orichalcum,  an  honest  man  ought  to  inform  him  that  it  was  really 
gold,  or  might  fairly  buy  for  a  penny  what  was  worth  a  thousand 
times  as  much*."  It  is  not  contended,  that  the  argument,  in  tbis 
place,  required  any  ^reat  accuracy  in  ascertaining  the  relative  Ti« 
lues  of  gold  and  orichalcum  ;  yet  we  may  reasonably  conclude  frott 
it,  that  orichalcum  might  by  an  ignorant  person  be  mistaken  for 
gold,  and  that  it  was  but  of  small  estimation  when  compared  with 
it 

Julius  Caesar  robbed  the  capitolof  three  thousand  ponnd  weight 
of  gold,  and  substituted  as  much  gilded  copper  in  its  stead f;  ia 
this  species  of  sacrilege,  he  was  followed  by  Vitellius,  who  despoiled 
the  temples  of  their  gifts  and  ornaments,  replacing  the  gold  and 
silver  by  tin  and  orichalcum  :^.  From  this  circumstance  alio,  we 
may  collect,  that  the  Roman  orichalcum  resembled  gold  in  cotonfy 
though  it  was  far  inferior  to  it  in  value. 

It  is  probable,  that  the  orichalcum,  here  spoken  of,  was  a  metiL 
lie  substance  greatly  analogous  to  our  brass,  if  not  wholly  the 
with  it.  The  value  of  our  brass  is  much  less  than  that  of  gold, 
the  resemblance  of  brass  to  gold  in  colour,  is  obvious  at  first  sight 
Both  brass  and  gold,  indeed,  are  susceptible  of  a  variety  of  shades 
of  yellow  ;  and,  if  very  pale  brass  be  compared  with  gold  mind 
with  much  copper,  such  as  the  foreign  goldsmiths,  especially,  osa  in 
their  toys,  a  disparity  may  be  seen  ;  but  the  nearness  of  the  resem- 
^^^™'"™^— ^  ■       '  ■  111^^—^ 

•  Circer.  dr  Off.  L.  lit  f  Suet,  in  Jul.  Cau.  C.  LIV. 

i  Id.  in  Vitf  1.  C.  Vt 
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ll  taticUatly  ascertaioed  in  f^enera),  from  observing  that 
Lm  gilded  Kith  brass,  or,  as  it  in  toiamonly  cbIW,  Dutch 
p  not  easily  disliaguished  from  such  as  are  gilded  with  gold 

iamam  v re  not  only  in  possf^siion  of  a  metallic  sulistance, 
f  them  orirbalcum,  and  rfsemblio^  f^old  in  colour,  but  they 
■o  the  manner  of  makini;  it ;  and  the  matt-riuls  from  ittiich 
it,  were  the  very  latiif  from  wbich  we  mifce  brass,  I 
t,  that  in  advanti'ia  this  opinion,  I  dissent  from  authors 
^endit,  who  psteem  ihn  art  of  making  brass  to  be  wholly  a 
inrmtlan.  Tbus  M.  Cmnitedt  (thouiih  I  difler  in  optnioa 
i)  ''does  not  lliink  it  just  to  conclnde.  from  old  coi<is  an& 
Uiqnities,  that  it  is  efideniiy  proved,  'hit  the  mokim;  of 
If  known  in  the  most  ancient  times  *  ;'  the  authors  of  the 
Encycloprdie  assuri-  us,  that  ''  our  brass  is  a  very  r-'Ci-nt 
1  Dr.  Lauefttoii  i  says,  "  the  vssels  here  chilled 
rBft«r  ancitot  au'hori,  cannot  hare  b-'en  of  the  materiaU 
brats  is  composed  of ;  Ihe  art  of  making  It  is  a  modern 

\  ipeaking  of  i^ome  copper  which  hod  been  discoverpi!  near 
I  in  ibe  prvviucc  of  Anrlalasii  in  Spain,  says,  *'  rhis  of  ill 
of  copper,  the  Livun  eicepled,  absorbs  most  cadmia, 
ei  the  goodness  of  auriuhulcuin^."  The  expression, 
ii  most  cadmia,'  seems  to  indicate,  thst  the  copper  was 
din  bulk,  or  In  weight,  or  in  both,  by  means  of 'he  cndmia. 
well  known,  that  any  dclinite  quantity  of  copper  is 
bicreawd,  both  in  bulk  and  in  weight,  when  it  is  mode  into 
f  being  Quxed  in  conjuaclion  with  calamine.  The  other 
of  the  copper,  when  mi^ed  with  cadmia.  was,  its  resembling 
nim.  yfe-  have  seen  from  Cicero,  that  the  term  orichalcom 
U*A  (o  a  labstance  far  less  valuable  than  uuld,  but  similar 
I  colour;  and  it  is  likt'ly  enough,  tliat  tlii*  Romans,  com. 
lUed  tke  mixture  of  copptr  and  cadinii,  orichalrum,  though 
j»yti»t  it  only  resembled  it  -.  he,  rs  a  naturalist,  sppaking 
kHion,  and  distinguishing  the  real  ortchalcum,  whirli  i»  his 
i  My*,  was  DO  where  produced,  from  tht  factUious  onej, 
iU  reiernblance  to  it,  had  usurped  its  name. 


B,tl8.  *  Art.  Orictuilque. 
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Sexiun  Poinp<>iu8  Festus  tbridgefl  a  work  of  Verrias  Flaccni,  t 
grammarian  of  conMHerable  note  in  the  time  of  Aoi^stus.  In  this 
abridgment,  he  defines  cadmia  to  be  an  earth  which  is  IbromB 
upon  copper,  in  order  to  change  it  into  orichalcum*.  The  age  in 
which  Festos  flourished  is  not  ascertained :  he  was  nnqucstioik 
ablj  posterior  to  Martial,  and  some  hare  thought  that  he  lived  an- 
der  the  Christian  Emperors.  Bat  leaving  that  point  to  be  fletJIed 
by  the  critics,  if  he  expressed  himself  in  the  words  of  the  aathor 
whose  work  he  abridged,  we  have  from  him  a  decisive  proof,  tiMt 
cadmia  was  considered  as  a  species  of  earth,  and  that  Che  RomaH 
used  it  for  the  converting  of  copper  into  a  metallic  sobstaoco  called, 
in  the  Augustan  age,  orichalcum. 

Id  opposition  to  this,  it  ought  to  be  remarked,  that  some  ttnder. 
stand  by  the  cadmia  of  Pliny,  not  calamine,  but  native  arsenic.  They 
seem  to  have  been  led  into  this  opinion,  from  observing  tbat  Pliny 
says,  lapis  aerosus  was  called  cadmia.  For  apprehending  ClMt  by 
lapis  aerosus  Pliny  understood  a  kind  of  stone  which  canted  uleers 
and  erosions  in  the  flesh  of  those  who  were  occupied  in  working 
it,  and  knowing  that  arsenic  produced  such  an  effect^  they  have 
concluded  that  cadmia  was  native  arsenicf  •  This,  probably,  fa  a 
mistake  arising  from  a  misinterpretation  of  the  word  Krosiu.  Pfiny 
nsoally,  if  not  constantly,  applies  that  word  to  snbstanees  in  which 
copper  is  contained,  without  having  any  respect  to  the  iclions  cf 
such  substances  on  the  flesh  of  animals.  Arsenic,  morepTcr,  when 
mixed  with  copper,  does  not  give  a  gold,  but  a  silver-like  ftppetN 
ance  to  copper.  Aud  lastly,  Pliny  f,  in  another  place  expranly 
says,  that  the  stone  from  which  brass  (aes)  was  made,  was  called 
cadmia ;  now  it  is  impossible  to  make  either  brass  or  copper  fram 
arsenic. 

Ambrose,  bishop  of  Milan,  in  the  fourth  century,  sayS|  thai 
copper,  mixed  with  certain  drugs,  was  kept  fluxed  In  the  fnnaes 
till  it  acquired  the  colour  of  gold,  and  that  it  was  then  called  anl* 
chalcom§.     Primasns,  bishop  of  Adrnmetum  in  Africa*  in  tht 


•  Cadmia  Trrra  qon  in  «t  coigicitur,  at  fiat  oricholcam-^Fci.  de  Vcr.Sf% 

^  —  nous  sopf  oonons  qae  Plioe  a  touIu  designer  par  lapis  snoao^  ass 
picrre  qui  mange  et  fait  des  olceres  on  Erosions  k  ceox  qui  la  tiavalHeatt  it 
qui  est  probaMemeat  rarsenic  vieige.  Sliaer.  par  M.  Valmoot  de  BoMUVi 
y.  II.  p  64.^If  the  ward  laid  bcaa  eioius,  this  erilicisai  aiighC  have  beei 
admitted. 

t  Hilt.  Kat.  L.  XXXIV.  10. 

y  iEs  namque  in  fomace»qnibasdam  medicaminibniadmiztis»  taaMliacoirfbfir 
usque  dum  colorcmanri  accipiat,  et  dicltar  aarichalcam.-*Afflb.  in  Apoc.  d* 
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I  oenlDry,  obwr»e»,  Ihat  aurichalcum  WM  maiJe  from  copper, 
brMight  lo  a  golden  colour  by  a  long  conllnueil  heat,  and  the  ad. 
Bkiitnrcof  a  drug*.  Isidorus,  biihop  of  SpTJIIe  in  Spain,  in  the 
srvcnth  crnlury,  di-icribps  aurichalcum  as  possessing  the  splrndur 
•f  gold,  and  the  hurilness  of  copper,  anit  he  uses  the  lery  words  of 
PriBidui  rripecfin;  the  manner  of  it's  being  madct.  The  drug 
^Mken  of  by  these  three  biiihops  was  probably  cadmia.     Pn-pnred 

niK  Is  highly  commanded  by  Pliny  as  useful  in  disordT^  of  the 
■•t  ;  and  it  is  still  with  us,  under  the  more  common  appeltation 

I  caUmine,  in  soma  repute  for  (he  same  purpose.     Hence,  consi. 
ing  lh«  tesiimonies  of  Feslus  anj  Pliny  to  the  applii-iiiun  of 

Id  making  either  orichalcuni,  or  a  subatnnce  imitutin^  the 

t  of  orichnlcum,  we  cannot  have  much  doubt  In  supposing^ 

t  admit  was  the  drug  alluded  lo  by  Ambrose,  and  by  thos« 

lO  seamed  lo  have  borrowed,  with  <tomc  inaccuracy  of  cspreiision, 

II  description  of  the  manner  of  making  orichnlfum. 

•  What  we  call  brass,  was  anciently  In  the  French  language  called 
MVial;  and  bms  wire  Is  slill  not  unfrequtnily  denominaleil  fil 
^rchal.  Now  if  we  ran  infer,  from  the  analogy  of  languages, 
bt  archal  is  a  corruption  of  aurichalcum,  we  may  reasoualily 
Injecture,  that  our  brans,  which  is  the  ^ame  with  the  French  ar< 
M,  U  the  same  also  with  the  Itoman  aurichalcum. 
'  Though  we  m3y,  from  what  has  bepn  adrancpd,  conclude,  wlth- 

ent  much  apprrhen^on  of  error,  that  the  Romans  knew  th<-  me. 

thoil  of  making  brass,  by  melting  togelher  calamine  and  capper; 

yit  the  hiirtnlion  was  probably  derived  to  them  from  some  otber 

nonlry. 

We  meet  with  two  passages,  one  in  Aristotle,  Iheotbrrrtt  SlrabOi 

frotn  which  we  may  collect,  thai  brass  wat  made  in  Asia,  much 

iftor  the  some  manner  in  which  it  appears  lo  have  been  made  at 

Rome. 
Slrabo  informs  us,  that  in   the  environs  of  AndSri,  a  city  of 

PhrygU,  a  wonderful  kind  of  stone  wu  met  with,  which  bting 

calcintd  became  iron  ;  and  being  then  fluxed  with  a  certain  earth. 


>  Aarichakum  ri 


«  HI,  > 


i-t  mnlicamiDr  aribtb' 


L 


4   Aarichakun  dicluTD.  qoix)  cl  ;p 
■l  mnlvavi  arr  ci  I^f  mullo,  ac  mi 
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dropped  oat  m  $ilf  er-lookiag  metal,  which,  being  mixed  with  cop- 
per, formed  m  compositioa  which  some  called  ortchalcam*.  It  ii 
not  improbable,  I  think,  that  this  stone  resembled  black  jack,  or 
some  other  ore  of  sine.  Black  jack  majr,  in  a  common  way  of 
speaking,  be  called  a  stone.  It  abounds  in  iron ;  and,  when  cal* 
cined,  looks  like  an  iron  earth  ;  it  yields  aioc  by  distillation,  some* 
times  mixed  with  silrer  and  lead :  and  both  the  metallic  snbstance 
which  may  be  extracted  from  blackjack,  and  the  snbliniate  whieh 
arises  from  it  whibt  it  is  smelted,  will,  when  mixed  with  copper, 
make  brass. 

The  MossynsBci  inhabited  a  coontry  not  far  from  the  Euine  Sea; 
and  their  copper,  according  to  Aristotle,  was  said  to  have  beoom 
splendid  and  white,  not  from  the  addition  of  tin,  bat  from  it's 
being  mixed  and  cemented  with  an  earth  found  in  that  conntry.t 
This  cementing  of  copper  with  an  earth,  is  what  is  done,  when 
brass  is  made,  by  uniting  copper  with  calamine,  which  b  often 
called,  and  indeed  has  the  external  appearance  of,  an  earth;  and 
that  Asia  was  celebrat<'d  for  its  cadmia  or  calamine,  we  have  the 
testimony  of  Pliny :(.  The  copper  of  the  Mossynaecl  Is  said  to  haft 
become  white  by  this  operation.  Whiteness  appertains  to  brasi| 
either  absolutely  or  relatlrely ;  for  brass  is  not  only  mnch  whiter 
than  copper,  but  when  it  is  made  with  a  certain  quantity  of  a  par. 
ticolar  sort  of  calamine,  for  there  are  very  various  sorts  of  it,  its 
ordinary  yellow  colour  is  changed  into  a  white.  Cicero,  we  hate 
peen,  supposes  that  orichalcum  might  hare  been  mistaken  for  gold| 
and  as  such  it  must  have  been  yellow ;  yet  Virgil  apjdies  tko  epL 
thet  white  to  orichalcum : 

Ipse  dehinc  auTO  iqoalentem  Moque  orichaico 
Circumdat  loricam  humeris  §• 

Aristotle  also  speaks  of  havhig  heard  of  an  Indian  copper,  wUd 
was  shining,  and  pure,  and  free  from  rust,  and  not  disdngoishaUs 
in  colour  from  gold|| ;  and  he  informs  us,  that  amongst  the  veisds 
of  Darius  there  were  some,  of  which,  but  for  the  peculiarity  of 
their  smell,  it  would  hare  been  impossible  to  say  whetlier  they 
were  made  of  gold  or  copper.  This  account  seems  very  deeciip- 
tire  of  common  brass,  which  may  be  made  to  resemble  gold  pefr 

•  Sliab.  Geo.  L.  XIII.  f  Aris.  de  Mirab.  Op.  Ton.  II.  p.  ni> 
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fcctly  in  colour;  but  which,  upon  being  handled,  always  emits  ■ 
ilrong  and  pecaliar  smell,  not  obserTible  either  in  gold  or  gilded 
capper. 

The  kings  or  Persia,  who  preceded  the  Darius  mentioned  by 
Aristotle,  were  in  possession  of  similar  vessels  ;  but  they  seem  to 
fcate  bpen  rare,  and  of  course  were  held  in  high  psiimation.  Among 
the  magnificent  presents  of  gold  .iiid  silTer  Tesst-ls  which  Artaxerxei 
and  bia  counsellors  gave  to  Eira,  tor  the  lerTJce  of  the  temple  at 
Jernsalem,  there  were  twenty  batons  of  gold,  and  but  two  Tesselg 
of  jtellow  shining  copper,  precious  as  gold,  or,  as  some  render  tha 
words,  reiembling  gold*.  Sir  John  Chardln,  in  his  MS.  note, 
hat  mentioned  a  mixed  metal  used  in  the  Cast,  and  highly  esteemed 
th«r«;  and,  as  the  origin  of  this  composition  i<  unknown,  it  might, 
for  aught  we  know,  be  as  old  as  the  time  of  Kzra,  and  tie  brought 
from  those  more  remote  countries  into  Persia,  where  these  two  ba- 
were  given  to  be  conveyed  to  Jerusalem.  ''  I  hare  heard," 
ta^s  the  Dole,  *^  some  Dulch  gentlemen  sjieak  of  a  metal  in  the 
•land  of  Sumatra,  anJ  among  the  Macassars,  much  more  esteemed 
folil,  which  royal  persoriages  alone  might  wear.  It  is  a  miz> 
if  I  remember  right,  of  gold  and  steel,  or  of  copper  and  steel." 
J|e  aAerwards  added  to  this  note  (Tor  the  colour  of  the  ink  differs), 
;"  Calmbac  is  this  meial  composed  of  gold  and  copper.  It  in  co> 
Iwr  nearly  ri'Sembles  the  pale  carnation  rose,  has  a  very  Gne  grain, 
polish  extremely  lively.  I  have  seen  something  of  it.  Sec.  Gold 
il  not  uf  so  lively  and  brilliant  a  colour ;  1  believe  there  is  steel 
aiized  with  (he  gold  and  copper."  He  seems  to  be  in  doubt  about 
co(D|iotition,  but  very  positive  as  to  its  beauty  snd  high  estU 

The  Eoppoiitioa  of  brass  having  been  anciently  made  In  India, 
'Bia  to  be  rendered  improbable  by  both  Pliny  and  Strabo;  Piiaf 
tpressly  saying,  that  the  Indians  had  no  copperj:,  and  without 
e  are  certaiu  that  brB>^s  cannot  be  made  ;  and  Strabo  re> 
inting  them  as  so  ignorant  of  the  art  of  fluxing  metaU§,  that 
>rdiDg  to  bim,  if  they  had  been  possessed  of  the  materials,  they 
luld  not  have  had  the  ability  to  use  them  for  the  composing  of 
But  these  writers,  it  is  apprehended,  know  very  little  of 
Strabo,  in  particular,  laments  his  want  of  materials  to 
ipoM  a  consistent  account  of  India;  and  few  of  the  authort 

•  Elnv)i1.e7.  t  ilarmer-.Otn.  unScrip.Vol.  ll.p.*91. 
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from  whose  works  Pliny  compiled  his  Natural  llistorj,  can  bt 
supposed  to  have  had  any  iotercourse  with  that  country.     SinibOy 
moreof er,  contradicts  both  Fliny's  obserTatioo,  and  his  owo.     la. 
describing  the  great  pomp  with  which  some  of  the  ludinns  were 
accustomed  to  celebrate  their  festi? als,  he  speaks  of  huge  gilt  keU 
ties,  cups,  and  tables,  made  of  Indian  copper*;    from  which  it  ap. 
pears,  not  only  tliat  the  Indians  were  not  destitute  of  copper,  bvfc 
that  they  were  skilful  metallurgists,  since  they  knew  how  to  tm 
it,  to  form  it  into  Tessels  of  vatious  kinds,  and  to  gild  it«     Paw 
haps,  this  Indian  copper  of  which  the  vessels  were  made,  instead 
of  being  gilt,  only  resembled  gold  in  colour,  and  was  really  a  sort 
of  brass.     It  is  granted  that  this  is  but  a  conjecture,  bat  it  it  not 
devoid  of  probability;  for,  not  to  mention  that  the  autlior,-who-> 
•?er  he  was,  from  whom  Strabo  extracted  this  account,  might  io  a 
public  exhibition  have  easily  mistaken  polished  brass  for  gilt  cop* 
per;  nor  the  little  probability  that  cauldrons,  and  kettles^  aod 
aach  vessels  as  were  in  constant  use,  would  be  gilded  in  any  cowi. 
try  i  we  have  reason  to  believe,  from  what  has  been  observed  be* 
fore,  that  a  peculiar  kind  of  vessels,  probably  resembling  aoase  of 
those  exhibited  in  the  Indian  festivals,  had  been  long  in  nie  In 
Persia,  and  that  (hey  were  made  of  Indian  copper  withoni  MBf 
gilding.     We  know  that  there  is  found  in  India,  not  iwly  eopper 
strictly  so  called,  but  tine  also,  which  being  mixed  with  copper 
constitutes  brass,  pinchbeck,  tombac,  similor,  and  all  the  otbtr 
metallic  mixtures  which  resemble  gold  io  colour.     Oa  the  wholc^- 
it  appears  probable  to  me,  that  brass  was  made  in  the  most  rtnolt 
ages  in  India,  and  in  other  parts  of  Asia,  of  copper  and  ctlaaiae^ 
as  it  is  at  present.     If  the  celt  be  allowed  to  be  a  British  iMni* 
ment,  then  may  we  be  certain,  from  what  was  observed  cooeera* 
ing  it  in  the  la&t  Essay,  that  our  ancestors  knew  the  method  of 
mixing  together  calamine  and  copper ;  for  though  tin  and  copper, 
wheu  melted  together  in  certain  proiwrtions,  will  give  a  Uoeishr 
green  flame,  yet  the  flame  is  not  accompanied  with  a  thid(  wMa 
SBMike,  and  there  are  few  proportions  in  which  any  flame  at  all  it 
to  be  seen. 

With  respect  to  orichalcum,  it  Is  generally  supposed  that  (here 
vrere  two  sorts  of  it,  one  factitious,  the  other  natural ;  the  Ikctl. 
tieus,  whether  we  consider  its  qualities  or  composition,  appean  to 
have  been  the  same  with  our  hras9.     As  to  the  natural  orichalcnmy 


^ft* 
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fhete  is  DO  impouibilily  in  supposing  that  ropper  ore  may  be  so 
intimately  blended  with  an  ore  of  line,  or  of  som^  olher  melallic 
tabstaoce,  that  tiie  rompnuriil,  when  imeltrd,  may  yield  a  niixt  me. 
lal  of  K  paler  hue  than  copper,  and  recenibling  the  colour  of  either 
gold  or  silver.  I>i  Ou  Halde's  Hiitory  of  China,  we  meet  with 
tbe  following  account  of  the  Chinese  white  copper.  "  The  most  ' 
extrAOrdiuary  copper  ta  called  pe-lon^,  or  while  copper: 
white  when  dog  out  of  ihe  mine,  and  still  more  white  within  than  ■ 
withonL  It  appears,  by  a  vast  number  of  eiperimenlg  made  at  Pe* 
kiag,  (hat  iti  colnur  is  o>f  ing  to  no  mixture ;  on  ih«  contrary,  ali 
nixluret  diminish  it's  beauty:  for  when  il  is  rightly  managed,  it 
looks  M»clly  like  lilfrr  :  and  were  there  not  a  necestity  of  mixing 
a  little  iDlenag,  or  some  such  metal  with  >(,  to  soften  it,  and  pre. 
Teat  iti  briltleneis,  it  would  be  so  much  Ihe  more  extraordinary  ; 
a>  Ihia  lort  of  copper  is,  perhaps  lo  be  met  with  no  where  hot  tn 
China,  mnd  that  only  in  (he  proTince  of  Yunnan*."  Notwith- 
ftanding  what  is  here  said,  of  the  colour  of  this  copper  being  owing 
to  no  mixtuie,  it  is  crrlain  (hut  the  Chinese  white  copper,  aa 
brought  to  as,  ii  a  miit  metal;  so  that  the  ore,  from  whiL-li  it  is 
extracted,  molt  consist  of  various  melallic  substances  ;  and  front 
e  tucb  ore  il  is  possible  that  the  nalurni  orichilcutn,  if  ever  ic 
I  «iltted,  may  have  been  made.  Out,  though  the  existence  of  iiatu. 
I  ful  oricbilcum  cannot  be  shewn  to  be  impossible,  yet  tliere  is  some 
■'VM£on  to  doubt  whether  it  erer  had  a  real  exibtenire  or  nut :  for  I 
Hy  not  much  altenlion  to  what  Father  Kircher  has  said  of  orichal- 
I  being  found  between  Mexico  and  the  straits  of  Ehrieo  ;  be> 
iiher  Buihor  has  conRrmed  his  account,  at  leaat  none  on 
e  (iLill  in  mineralogy  we  may  relyf , 
I*  We  know  of  no  country  in  which  it  h  bund  at  present ;  nor  wu 
"  h  any  where  found  in  the  ago  of  Pliny,  nor  doi-a  be  leems  to  hate 
known  the  country  where  it  ever  had  b^en  found.  He  admits,  in. 
deed,  its  ha«in^  bi-en  formerly  dug  out  of  (he  earth  ;  but  il  is  re- 
markable tliat,  in  the  very  passage  he  ia  menliuDiiig  by  name  Ihe 
ceunlriet  uost  celebrated  fur  the  producti<ia  of  different  kinds  of 
copper,  he  only  says  in  general,  concerning  orictiilc'im,  that  it  had 
been  ftttmd  in  other  countries,  without  specifyini;  any  particular 
nolry.      Plato  iclinowledKes  that  orichalcum  w(ts  a   Ihing  only 

*  f<4.  Tmu.  Vul.  I.  p.  16.  i  Kirch.  Uiiud.  Sub. 
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talkerl  of  eren  in  his  time  ;  it  was  no  wbere  then  to  be  met  with| 
though  in  the  island  of  Atlantis  it  had  been  formerly  extracted  from 
ltd  mine.  The  Greeks  were  in  possession  of  a  metallic  labstance 
called  orichalcum,  before  the  foundation  of  Rome ;  for  it  is  men- 
tioned b)  Homer  and  bj  Hesiod,  and  by  both  of  them  in  tnch  a 
manner  as  shews  that  it  was  held  in  great  esteem.  Other  andeDt 
writers  ha^e  expressed  themselves  in  similar  terms  of  commaida* 
tion  ;  and  it  is  principally  from  the  circumstance  of  the  high  re. 
puted  Yaloe  of  orichalcum,  that  authors  are  induced  to  rappotc 
the  ancient  orichalcum  to  have  been  a  natural  sulratance,  and  very 
different  from  the  factitious  one  in  use  at  Rome,  and  probably  ia 
Asia ;  and  which,  it  lias  been  shewn,  was  nothing  different  fmrn 
oar  brass. 

But  this  circumstance,  when  properly  considered,  doea  not  ap- 
pear to  be  of  weight  sufficient  to  establish  the  point.     Wlmw?er 
the  method  of  making  brass  was  first  found  out,  it  is  eertaia  thit 
it  must  have  been  for  some  time,  perhaps  for  some  agca,  a  veiy 
acarce  contmodity  ;  and  this  scarcity,  added  to  its  real  ezceilcnct 
as  a  metallic  substance,  must  hate  rendered  it  very  valuable,  and 
entitled  it  to  the  greatest  encomiums.     Diodorus  ^icalaa  ipeaks  of 
a  people  who  willingly  bartered  their  gold  for  an  eqnal  we^glrt  of 
iron  or  copper*  ;  and  the  Europeans  have  long  carried  en  a  aiailsr 
kind  of  commerce  with  various  nations.     Gold,  in  aome  ^^ews. 
Is  justly  esteemed  the  most  valuable  of  metals ;  in  other,  aad'ttois 
the  most  important  to  the  well  being  of  mankind,  Is  lar  haierior 
to  iron,  or  ropp«r,  or  brass.     An  individual,  whoae  life  depended 
upon  the  issue  of  a  single  combat,  to  be  decided  by  iheawordi 
would  have  no  hesitation  in  preferring  a  sword  of  steel,  to  eae  of 
gold  ;  and  an  army,  which  bhould  be  possessed  of  golden  nnnoar, 
would  not  f>rruple  to  exchange  it,  in  the  day  of  battle,'  for  tfai 
iron  accoutrf-meuts  of  their  enemies.   The  preference  of  thebarder 
metals  to  gold,  is  no  less  obvious  in  agriculture,  than  in  war;  a 
ploughshare,  mattock,  chisel,  hammer,  saw,  nail,  of  gold^isnet 
for  use  so  valuable,  as  an  instrument  of  the  same  kind  made  of 
iron  or  brass.     Hence,  there  is  no  manner  of  absurdity  in  mp* 
posing  that  orichalcum,  when  first  introduced  among  the  ancients 
m'ght  have  been  prized  at  the  greatest  rate,  though  it  had  been 
possessed  of  no  other  properties,  than  such  as  appertain  to  btaii. 
When  iron  was  either  not  at  all  known,  or  not  common  in  the 
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%oriit,  and  copper  inslTuiTMrnrs,  ciTil  anil  mllitar}',  were  Rlmost 
|]>e  only  une«  ID  an-*,  aoiPtallic  inixiurp,  resembling  gold  in  spten. 
door,  nod  pretenbie  to  copptr,  on  account  of  its  stiperior  hard. 
neu.  and  b<ing  less  liable  to  rust,  mu-t  bare  greatly  excited  the 
>  Klriir!  -n  of  manknd.  bei>n  eagerly  sought  arter,  and  highly  ei> 
'  lDit>-d  by  tiicm.  The  Romans,  no  doulit,  when  it  had  been  st'tpu. 
>Jii«l  in  the  league  whirh  Porsinna  made  with  them,  after  the  ex. 
nilsion  of  the  Tarquiiis,  Ihal  Ihry  should  nut  use  iron,  except  in 
iii^ricQlture,  roust  haTc  isleeined  a  metallic  mixture  such  as  brasi, 
i.W  «  rat*  not  easily  to  be  credited+.  It  is  not  here  attempted  to 
iiiat  thi-re  never  wan  a  metallic  substance  called  orichalcuid} 
Uperior  in  value  and  dilierent  in  quality  from  brass;  but  merely 
to  khew,  thai  the  eommntl  reason  assigned  for  its  existence,  ii  not 
■0  coKenI  as  is  generally  suppo-'ej. 

Considering  the  few  ancieni  writers  we  hare  remaining,  nhoM 
Mrticular  business  it  was  lo  speak  nith  precision  concerning  sub. 
lects  of  art,  or  of  UBiural  lisiury,  we  ought  not  to  be  surjirited 
at  the  nncerlainly  in  wb'Cli  they  Lave  left  us  concerning  orichal. 
torn.  Wen  have  been  e».  r  much  the  same  in  all  8t(i'$  ;  or.  If  any 
general  superiority  in  understanding  is  (o  be  .iliowed,  it  nay  seem 
iko  be  more  properly  ascribed  to  rhose  who  \iy*  in  the  manhood  or 
U  age  of  the  world,  than  lo  tliose  who  t'Xii>leil  iri  its  infancy  or 
Midhood :  especially  as  the  means  of  actiuirmg  and  coromuiii. 
■ting  knowledge,  vith  us,  are  far  more  sllamnble  than  (hey  wero 
Ib  the  times  of  tuber  Greece  or  Rome.  The  com|iass  enables  us  to 
'•xtend  our  researches  lo  erery  quarter  of  trie  globe  wilh  tlio 
ip«Stest  ^se  J  ;  and  an  hislorical  nnrration  of  what  is  steo  in  dis. 
inl  conntrlts,  is  ii>?iw  inGtiliely  more  diffused  ibsn  it  could  hir* 
Mn,  before  (he  inrenliun  of  printing;  yet,  even  with  the^  aU- 
a  a  great  measure,  fetraogera  lo  the  natural  llil* 


.1  la  todCTt  qood,  cstiDbii  rrfnibus,  pnpulo  Raioanodrd'i  Purwnna,  i 
MwtiwComprehrniuoiinTeuimiis  nr  firr.iini  inai!ricoUuraulrrenior.  Plioi  ' 
BiM- Nal.  Vol.  11  p.  160.— '^m  Purviiua  iiidacid  lu  pnihibii  iNr  llanaM 
(fee  we  af  iron  sens  ("""  """  "?""'•"•.  "^ith  loruii  i..  haH  i..ewilHj  la 
ftweelwohandrrd  jeaoaflerward— HiB'  woulvd*,  mud»-  »Hln-iHi|.«r  wcBpani, 
Miilyli™i«d.  than  llrnie  made  wilh  i.on!  Ait*  0|i  UlV.p.43. 
quotei  Honii-r"s  0rfi?»pv.  ""d  •<">"'  Chinrtr  tut-on,  1»  jirove  Ibat 

Iferee  UUMuand  ycon  ago.   Nat.  IDil.  bir  Bubo,  Voh  UL  p.  U*  tedll^'l 
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lorj  of  tbe  earth,  and  the  ciTil  history  of  the  nations  which  iahabit 
it.     He  who  importi  ttttenag  from  tlie  East  Indies,  or  white  cop* 
per  from  China  or  Japan,  is  sure  of  meeting  with  a  ready  market 
for  his  merchandiate  in  Europe,  without  being  aslced  any  questions 
concerning  the  manner  how,  or  the  place  where,  they  aro  pre* 
pared.     An  ingenious  manufacturer  of  these  metallic  substances 
might  wish,  probably,  to  acquire  some  information  about  theaii| 
in  order  to  attempt  a  domestic  imitation  of  them ;  but  the  merchant 
who  imports  them,  seems  to  be  too  little  interested  in  tlie  sncoess 
of  his  endeavours,  to  take  much  pains  in  procuring  for  liim  tiie 
requisite  information.     Imitations,  however,  have  been  made  of 
them,  and  we  hare  an  European  tutenag,  and  an  European  white 
copper*,  diflering,  in  some  qualities,  from  those  which  are  brought 
from  Asia,  but  resembling  tliem  in  so  many  other,  that  they  have 
acquired  their  names*    Something  of  this  kind  may  liare  been  the 
case  with  respect  to  orichalcum,  and  the  most  ancient  Greeks  may 
have  known  no  more  of  the  manner  in  which  it  was  madoi  than 
we  do  of  that  in  which  the  Chinese  prepare  their  white  copper : 
they  may  have  had  too  an  imitation  of  the  original,  and  their 
authors  may  have  often  mistaken  the  one  for  the  other,  and  thus 
iMve  introduced  au  uncertainty  and  confusion  into  their  accounts 
of  it. 

There  is  as  little  agreement  amongst  the  learned  concemiog  the 
etymology  of  orichalcum,  as  concerning  its  origin.  Those  wIm 
write  it  aurichalcum,  suppose  that  it  is  an  hybridous  word,  com* 
posed  of  a  Greek  term  signifying  copper,  and  a  L^tin  one  signi« 
fying  gold.  The  most  general  opinion  is,  that  it  ought  to  l>e  writ* 
ten  orichalcum,  and  that  it  is  compounded  of  two  Greek  words, 
one  signifying  copper,  and  the  other  a  mountain,  and  tl»t  we 
rightly  render  it  by,  mountain  copper.  1  have  always  looked  opoi 
this  as  a  very  forced  derivation,  inasmuch  as  we  do  not  tliereby 
distinguish  orichalcum  from  any  other  kind  of  copper;  most  cop* 
per  mines,  in  every  part  of  the  world,  being  found  in  Bowntainoos 
countries.  If  it  should  be  thought,  that  some  one  particnkr 
mountain,  eitlier  in  Greece  or  Asia,  formerly  produced  an  ore, 

•  The  ififCDioiis  Dr.  Higgim  has  been  bonoiired  by  (be  Society  for  tke  Ea- 
cowagcoifnt  of  Artt^  Ae.  wiib  a  gold  medal  for  white  topper,  nade  wM 
BogUih  iMterials,  ia  imitatioii  of  that  brought  from  the  East  Indies.  Rh  pra- 
een  bat  not,  I  believe,  been  yet  made  pablic.  Mem.  of  Agrical.  VoL  III. 
p.4lt. 
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D  be  WMdend  at,  iku  vJtWr  tW  poMi  Mr  iIk  pU. 
'rs  of  BDliqwitf  hare  Ik(I*«^  ■  --gf-  Um  •■  its  o 
OB  ;  for  u  to  tbe  Atbrnlk  «f  PUta,  brfon  ■ 
roaertiM),  ■  ill  biU  n  irgw—t  far  tte  « 


anjr  lucb  iBDiiittaiR,  U  it  pratabfe,  tkx  i 
I  NoaM  lu>i-  trUiapJ  in  auK,  jait  M  Kt  tUi  ii«a  of  &r 
6  apeak  of  tictoa  rapper  in  Suffordiktre,  aad  T*irk  ■iwiija 

in  Aaglray. 

Soma  »*fi  arv  fund  of  Mjaotapcal  wqauit^  and  to  tkn  1 
lid  tug^fM  a  r>T}r  dUenM  dniiatjaa  af  wkkBlaua.  Tkt  Ht. 
■  word  «r,  aur,  iigidica  light,  ire,  Auw ;  tk  l^tja  tnmt 
'^tiro,  l«  bum,  add  aaraai,  K**)d,  at*  d*ri<td  Trom  it,  ioMaacli  as 
gotil  TFvmble^  tbe  cokmr  of  flaMc ;  and  beace,  il  is  aot  nnpro. 
bable,  that  oriclulmn  ma/  be  composed  of  an  Hebrew  and  Greek 
Itrm,  aod  ibai  it  U  right]/  rrnilerrd,  flame-col  oared  copper.  In 
confirmation  of  this  it  may  be  obMTved,  that  Ibe  Latin  rptihet 
luddum,  and  the  Greek  one  ^tuntr,  are  both  applied  h>  oncbaU 
|P9>  i>7  ll)e  ancients;  but  I  woold  be  □ailerttood  to  submit  ibis 
■ifeclnre,  «ilh  great  deference,  to  tho»e  who  are  much  betttr 
■toed  tkan  1  am  in  et/mologica]  leatniog, 
V  ^      [fitr&op  li'ali^H. 

^^r.  Watson  bas  justly  obserred  in  the  preceding  essay, 
Eh  of  the  poeU  or  philosophers  have  spoken  in  fiTOur  of  ori. 
ckmleitm.  Among  (he  Roman  poets  thv  l<^rm  employed  both  for 
capper  and  brass,  or  orichalcnm,  was  tci ;  which  is  the  only  term 
adopted  by  Lucrelius  when  he  eridenlly  means  mineral  copper, 
either  in  its  ores  or  in  metallic  veins.  This,  howpTer,  by  bis 
transUtori  is  in  almost  all  cases  translaleil  brass,  but  most  erra. 
neoasly ;  for,  as  we  hare  just  seen,  brass  is  a  mixed  metal,  and 
has  never,  that  we  know  of,  been  traced  in  a  native  state.  Mr. 
Good  is  the  only  one  of  the  translators  who  has  entered  into  the 
identiGc  meaning  of  the  term,  and  has  aToidiiil  the  error  :  nor  cu 
■te  conclude  this  chapter  belter  than  by  (juoling  his  translation  of 
the  "  Nature  of  Things,"  which  describes  the  mode  by  which  phi- 
laMphen  in  the  time  of  Lucretius  luppoaed  mankind  to  bava  se- 
ll Ihelr  first  rude  knowlsdge  of  metals. 
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Learn  next  that  silver,  gold,* 
Lead^  hardier  copper,  iron,  first  were  trac'd 
When  o'er  the  hills,  some  conflagration  dire 
Bnrn'd  from  its  basis  the  deep-rooted  grof  e ; 
Bj  lightnings  haply  kindled,  or  the  craft 
Of  hosts  contending  o'er  the  woodlanil  scenes, 
A  douhle  fear  thus  striking  through  their  foes : 
Or  by  the  shepherd's  wish  his  bounds  t'  enlarge 
0*er  tracts  of  specious  promise  ;  or,  perchance, 
Wild  beasts  to  slaughter,  and  their  spoils  possess; 
For  such,  with  fire  and  guileful  pit,  mankind 
First  caught,  ere  hounds  were  marshall'd  to  the  chace, 
Or  round  the  copse  the  mazy  net- work  drawn. 

Whatever  the  cause,  when  now  the  unctuous  flame 
Had  from  their  utmost  roots,  with  hideous  crash, 
Feird  the  tall  trees,  and,  with  its  torrid  heat^ 
The  soil  deep-redden'd,  rills  of  liquid  gold, 
Lead,  siWer,  copper,  through  its  fenrid  pores 

*  Quod  taper  est,  JES  atque  aonuDy  frmioiqae  rrpcrtum  ett,  ice. 

ub.  y.  ▼.  lun. 

The  passage  is  too  long  for  us  to  quote  the  original  at  length  ;  apon  the  pirt 
of  it  before  us  the  learned  translator  has  the  following  notet — **  Tbe  taniMt 
in  the  original,  is  generally  ieterpretcd  in  the  different  Teniou  krmttf  wM 
as  a  generic  substantive^  it  ^ill  undoubtedly  include,  as  well  at  copper*  Bit 
hrmss,  the  ippropriate  term  for  which  is  aurichalcum^  being  a  cooipoaBd  artal, 
and  the  iovention  of  Mibseqaent  ages,  it  is  obvious  the  poet  here  refeft  tp  dw 
original  m^al  whence  brass  v^as  manufactured.  Marchetti  employs  the  tcra 
rmme,  which  is  equally  general  with  irs,  and  may  alike  be  adopted  to  npAff 
either  copper  or  brass. 

The  existence  of  the  metals  here  referred  to  in  the  interior  of  tke  csfth,  ^ 
thai  described  by  Garth,  in  his  Dispensary : 

Here,  sallen  to  the  sight,  at  large  is  spread 
The  dull  unwieldy  mass  of  lumpish  lead : 
There,  glimmering  in  their  dawning  beds,  are  seen 
The  more  aspiring  seeds  of  sprightly  tin. 
The  tapper  sparkles  next  in  ruddy  streaks, 
And  in  the  gloom  betrays  its  glowing  cheeks  t 
The  silfer  then,  with  bright  and  buroiah'd  giace, 
Youth,  and  a  blooming  lustre  in  its  face. 
To  th*  arms  of  those  more  yielding  metals  flies. 
And  in  the  folds  of  their  embraces  lies. 
O0  the  inveBtion  and  composition  of  brass  or  anrichakam  aaoag  Ae  GissM 
and  Romans,  lee  Che  lane  work,  Note  on  Book  VI.  v.  1  US. 
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Gliil«d  anaia,  and  evrry  hoHow  fill'd. 

Tb«4e  wbm,  conil^'ns'd,  long  ift^r  men  snrrej'd 

Glifleliing  in  earth,  attracled  hy  the  glarp, 

The  vpteoiUd  niBis  ibey  liug  ;  ■oil  mark'd,  lurprix'd, 

Each  rorm'il  alike,  and,  to  the  channetl'd  bed 

V/btn  late  it  Uy,  adapted  most  prrcise. 

Then  inkiaot  deem'd  ihey,  liquiiied  by  flame. 

The  powpr  was  (heirs  each  tbHous  shape  t'  aiitinie, 

DfawD  dt'iirous  out,  of  point  or  c^ge  acute; 

Th«  power  unrivall'd  theirs  each  tool  to  frame 

Art  a<;eds  to  fell  the  forest,  and  its  li 

Moald  into  planks  or  beams  ;  to  cleare,  or  smooth, 

Piarce,  bullow,  scoop,  irhate'er  the  plan  conceiv'd. 

Nor  strove  they  less  such  inslmments  t'  obtain 
From  gold,  ot  silrer,  than  stem  copper's  strength. 
Yet  vainly  :  for  their  softer  fexiure  fail'd, 
fiKaerless  to  bear  the  sturdy  toil  requir'd. 
Whencs  copper  chief  they  courted,   while  all  gold 
Neglected  Uy,  too  blunt,  and  dal)  for  use. 
tiew  triumphs  gold,  while  copper  sinks  despised. 
So  rolling  years  the  seasons  change  of  lh*ings  : 
WlMt  once  was  valu'd  loses  all  its  worth, 
And  what  was  worthlc!.!  rises  in  its  stead, 
Sw«lli  IbIo  notice  daily,  erery  hour  '*•• 

-  Bloomt  with  new  prabe,  and  captive  leads  the  werld.       ' 


r  GVN-HETAL;  BItONZB>  OB  STATC  AST-METAL  ;  SBLL 
P.9ISTAL;  pot-metal;  a>d  speculvh-mbtal,  ob  mb- 
P'Vallic  mibbobs. 


Dsii 


kllDSS  brass  there  are  many  other  metallic miitarcs,  inio  which 

copper  enters  as  the  principal  ingredient ;  the  most  remarkable  of 

these  are  guD-metsl,  bell. metal,  pot-metal,  and  speculum'inetal. 

It  has  been  remarked  of  Queen  Elitabeth,  that  she  left  more 

w  ordmuiM  at  bar  death,  than  ihe  found  of  iron  on  her 


iMHordmuiM 


:i[  more  ^h 
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tion  to  the  throne.  This  mmut  not  be  nndentood  as  if  gnn  metal 
was  in  her  time  made  chiefly  of  brass,  for  die  term  bram  was 
sometimes  used  to  denote  copper :  and  sometimes  a  eomposMion  of 
iron,  copper,  and  calaanine,  was  called  brass ;  and  we  at  €bh  dajr 
commonly  speak  of  brass  cannon,  thoagh  brass  does  not  enter  into 
the  composition  used  for  the  casting  of  cannon.  Aldtoraadus* 
informs  us,  that  100  pounds  weight  of  copper,  with  twelve  af  tin, 
made  gun.metal ;  and  that  if,  instead  of  twel?e,  twenty  pounds 
weight  of  tin  was  used,  tlie  metal  became  beli-nwtal.  The  woiIl. 
men  were  accustomed  to  call  this  composition  metal,  or  bronie, 
according  as  a  greater  or  a  less  proportion  of  tin  bad  keco  used. 
Some  indif idnals,  he  ssys,  for  the  sake  of  cheapness,  nae4  bruf 
or  lead  instead  of  lin,  and  thus  formed  a  kind  of  broBM  iar  Yari* 
ous  works.  I  do  not  know  whether  connoiasenrs  oataem  ths 
metal,  of  which  tlie  ancients  cast  Iheir  statues,  to  be  of  a  i|nallty 
superior  to  our  modern  bronze ;  but  if  we  should  wish  to  imHate 
the  Romans  in  this  point,  Pliny  has  enabled  ns  to  do  it ;  for  he 
has  told  us,  that  the  metal  for  their  statnes,  and  for  the  plalea  en 
which  they  engrayed  inscriptions,  was  composed  la  Ibo  foUowiag 
manner.  They  first  melted  a  quantity  of  copper ;  Into  the  aMlted 
copper  they  put  a  third  of  its  weight  of  old  ooppar,  wMck  had 
been  long  in  use ;  to  every  hundred  pounds  weight  of  tbla  irfitura- 
they  added  twelve  pounds  and  a  half  of  a  raixturoi  cottpeaed  of 
equal  parts  of  lead  and  tin  f . 

In  Diego  Ufano's  Artillery,  published  in  U14)  wo  Iwfo  an  ac 
count  of  the  diflerent  metallic  mixtures  then  used  for  the  casthig 
of  cannon,  by  the  principal  gun. founders  in  Europe. 

Copper  .  160^100—100—100  parts. 

Tin  .  •  10--  SO—    8—    8 

Brass  •  •  8 —    5—    5—    0 

The  best  possible  metallic  mixture  cannot  be  easily  ascertaiiiedy  aa 
various  mixtures  may  answer  equally  well  tl^  rude  purpose  to 
which  ordnance  is  applied.  Some  mixtures,  however,  are  unquea* 
tionably  better  adapted  to  this  purpose  than  others,  in  some  pastL 
cular  points.  Of  two  metallic  mixtures,  which  should  be  e^iiall^ 
strong,  the  Hghteat  would  have  the  preference :  at  the  last  alege  of 
Prague,  part  of  the  ordnance  of  the  besiegers  was  melted  by  tba 


tt^A. 
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frfqMOCj  of  tte  firing;  the  »ist«feof  wkich  it  was  made  coo. 
tiiocd  a  large  portioo  of  lead ;  aod  it  woald  have  bce«  \rm  prone 
to  melt,  aod  oooteqaeodj  preferable^  bad  it  cooiaioed  nooe. 

Woolwich,  I  belieye,  is  the  ooly  place  in  England,  where  there 
ii  a  foundry  for  the  casting  of  brats  cannon.  The  metallic  com. 
position  there  used,  consists  of  copper  and  tin.  The  proportion 
in  which  these  two  metals  are  combined,  is  not  always  the  same, 
hecanae  the  copper  b  not  always  of  equal  purity,  and  the  finest 
copper  requires  the  most  tin  ;  they  seldom  use  more  than  twelTe, 
or  less  than  eight  parts  of  tin  (o  erery  100  of  copper.  This 
Metallic  miitnre  is  sold,  before  casting,  for  j£.75  a  ton,  and 
Gofemment  pays  for  casting  it  j^.  60  a  ton.  The  guns  of  the 
East  India  Company  are  less  ornamented  than  those  of  Grorem. 
■ont}  on  that  aod  other  accounts  they  are  cast  for  4^.40  f  ton. 
I  ka?a  here  pnt  down  the  weights  of  the  brass  ordnance,  now 
■oat  gemefally  In  use,  as  cast  at  Woolwich. 

Weight  of  brass  cannon  now  in  use* 

cwt.  qr.  lb. 

«|pOMders  61    9  10 

S4  •  .  51     0    0 

It  •  to    O    0 

G  .  •  10    0    0 

Tbest  were  on  board  the  Royal  George  in  1780,  but  had  been 
vemoTed,  I  belieTe,  before  she  was  lost 

Battering  cannon. 
4t  ponnders 

St  •  •  • 

t4  .  •  • 

18  .  •  • 

It  .  •  • 

0  .  •  . 

•  .  .  • 

Field-pieces. 
t4  ponnders 
It  •  •  • 

4  •  •  * 

$  •       •         • 


6\ 

t 

10 

65 

t 

10 

51 

0 

0 

48 

0 

0 

to 

0 

0 

t5 

0 

0 

If 

0 

0 

16 

3 

13 

8 

3 

8 

4 

3 

10 

t 

3 

10 
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Howitiers. 
10  incbes  • 

o  •  •  • 

H  •  •  • 

Mortars  (Land  SerTice). 
13  inches  • 

JO  .  .  . 

8  «  •  • 

5  •  •  • 

41  .  .  . 


Mortars  (Sea  Service). 


13  inches 
10 


ewt.( 

^r.  lb* 

31 

S  10 

U 

1   18 

4 

0  18 

U 

0    0 

10 

2     8 

4 

0  10 

1 

1     0 

0 

3    0 

81 

1     8 

n 

3    7 

In  casting  these  pieced  of  cannon,  thej  generally  make  the  tUck* 
ness  of  the  sides,  near  the  muzzle,  half  the  diameter  of  the  shotf 
and  at  the  touch*hole,  or  charging  cylinder,  three-fonrths  of  the 
diameter.  Brass  cannons  are  dearer  than  those  made  of  iron; 
and,  which  is  a  disadvantage,  thej  give  a  louder  report  «t  the 
time  of  ezploslon,  so  as  to  occasion  a  tingling  in  the  ears  of  te 
persons  on  shipboard,  which  takes  away  for  a  time  tho  facnltj  of 
hearing. 

Cannon  might  be  cast  of  copper  alone ;  but  the  mixture  of  tifl 
and  copper  is  harder  and  denser,  and  less  liable  to  mst  than  pare 
copper  is,  and  upon  these  accounts  it  is  preferable  to  copper. 
Tin  melts  with  a  small  degree  of  heat,  copper  requires  a  TtfJ 
great  heat  to  melt  it ;  a  mixture  of  copper  and  tin  melti  modi 
easier  than  pore  copper,  and  upon  this  account  also,  a  mixture  of 
copper  and  tin  is  preferred  to  pure  copper,  not  only  for  tbo  cast- 
ing of  cannon,  but  of  statues,  &c.  for  pure  copper,  in  mDDing 
through  the  various  parts  of  the  mould,  would  lose  so  mnchof  its 
heat  as  to  set  before  it  ought  to  do. 

Bell,  metal  consists  also  of  tin  and  copper.  Authors  do  not 
agree  in  the  proportions ;  some  ordering  one  part  of  tin  to  he 
melted  with  four  |)arts  of  copper* ;  others  making  the  proportkm 
for  bell.metal  to  be  the  same  as  that  for  gun.metal ;  or  one  part  of 
tin  to  about  ten  parts  of  copper,  to  which  they  order  a  little  biasi 

*Peiiib.  Chem.p.S81. 


BIk added *,  It  tiisj  In  frv^ni  b*  obMn«^  Hat  s  t^n  pTO[)or. 
Hon  of  tin  n  Died  for  makio^  cbarcb  bells  than  clock  hf\U,  aail 
(1ml  they  >dd  a  lirtlp  zinc  for  Ibe  bells  of  r^pfJiitng  iritib«*  and 
otbrr  tmilf  brlU.  l)il*  tine  becomes  mtoife^l  un  nelling  Ihtsa 
Ms,  by  th>-  blue  flam^  whia.  it  'ihibili. 

n*ra  i*  a  Trr)'  TrtnartL^ble  cvpprimenr  mt-nilitn-'d  by  OliDbcrt. 
'  say!  he,  "  loo  balls  of  Cupiirr.  and  (wo  of  pan  (la 
ImiiimI  wilfa  Icail,  of  uii«  aiii]  lb-'  sam^  form  and  qiiinlity,  (Irt 
t  of  wtitch  batis  obvTK-  fX4iIty  ;  which  done,  isain  melt 
'tbnwA  balls  «r  bulleM  into  uti*-,  and  first  the  copper,  to 
vtrnl  add  (h<-  tin,  le-i  <Tiii<'h  tin  "tnporate  in  the  Difltin^, 
I  prewntty  pour  out  tbr  n>  vinre  mpll''d  lat'i  th<>  Dionld  of  the 
I  (•alh,  anit  tiiere  tin  n  •!  come  for'h  four  nor  scarce  lliree 
K  'b*  wi^eht  nf  Ihr  four  InlU  b<  in;  r  *.r»F(!.*'  I  hFs  snUjvCt 
Fb>^ti  t'foti-  u*<d  lincH  GUuher's  limt^^,  and  it  hu  been  di<ca> 
ed,  t^l  when  DK'tBtllc  tubtlaoces  are  melted  togetbt  r,  it  seldom 
^m  Ihaf  a  eahU  inch  of  each  of  t!ii'  two  ingredirnls  will  form 
jus  •a«clljrei|uil  to  (wo  ruljir  inches;  (he  miilare  wilt  in  some 
tancet  be  grraier,  and  in  other  le«s  than  two  rabtc  inches,  la 
t  fRkraimof  (ill  an>l  copptT,  where  the  bulli  of  I  he  mistare  ii 
h  Id!  ihin  the  Giim  of  the  bulb!^  of  (lie  two  component  parts^ 
^t  be  «ipecled  that  the  compound  metat  would  pokiest  pro> 
n,  not  mrrely  intermediate  betwt  en  those  of  copper  and  (in, 
I «t.*rariall]r  dif^rent  from  t^em  both.  Ami  xccorditii^ty  we  find, 
I  this  aiiatdre  is  not  only  more  brittle,  mure  hard,  and  more 
Muw,  than  tHhet  copper  or  (!n ;  but  it  is  more  dense  also, 
Bei(b*ref  thccn  ;  a  cubic  foot  of  it  wiighing,  not  only  more 
R  a  cable  (aot  of  tin,  but  (han  a  cubic  foot  of  copper  itself. 
not-metal  is  made  of  copper  and  lead,  the  lead  being  one.fonrth 
Me-tfth  the  weight  of  the  copper.  In  Pliny's  time  pot.metaj 
kxia  tFtnpetBtora)  vas  made  of  a  pound  and  a  half  ur  (wo 
■lids  of  lead,  and  an  equal  portion  of  tin,  mixed  with  100  parla 
eoiTper.  Copper  and  lead  seem  not  to  be  combined  together 
Ac  RBK  way  (hat  copper  and  tin  are;  fur  when  pot-uietdl  la 
^CR^  to  a  melting  heat,  the  lead  is  lirii  fused,  and  shews  itielt 

WsllrT.  Mlnfr.  vol-  II.  p.  81?.     New  Chrm.  bj  Lcwii,  p.  M      Macq. 
M.  *at  I.  p.  70.  Em.  Tmos. 

Gla*«e«'<  Worki,  fol.  ed.  ieS9,  p.  81. 
I  GrtbtriCb;,  Metal,  ft  Ckem.  Oici.  art.  Allay. 
tOI^  Tt.  V 
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in  little  drops  over  the  surface  of  the  pot-metal,  whilst  the  copper 
remains  onfused. 

It  is  reported  of  James  H,  that  he  melted  down  and  coined  all 

the  brass  guns  in  Ireland,  and  afterwards  proceeded  to  coin  the 

pewter  with  this  inscription — Melioris  tessera  fatL     The  Coiu 

gress  in  America  had  recourse  to  the  same  expedient :  they  coined 

seyeral  pieces  of  about  an  inch  and  a  half  in  diameter,  and  of  340 

grains  in  weight ;  on  one  side  of  which  was  inscribed  in  a  circuUr 

ring  near  the  edge'-^Continenlal  Currency^  1776 — and  within  tin 

ring  a  rising  sun,  with— /fi^to — at  the  side  of  it,  shining  upon  a 

dial,  under  which  was — Mind  your  business. — On  the  rerent 

were  thirteen  small  circles  joined  together  like  the  rings  of  a  chaiO| 

on  each  of  which  was  inscribed  the  name  of  some  one  of  the  thir* 

teen  states ;  on  another  circular  ring,  within  these,  was  inscribed— 

American  Congress — and  in  the  central  space— IPf  are  Oii#.— I 

haTe  been  particular  in  the  mention  of  this  piece  of  money,  be* 

cause,  like  the  leaden  money  which  was  struck  at  Vienna,  whto 

that  city  was  besieged  by  the  Turks  in  1629,  >t  will  soon  bcco— 

a  great  curiosity.     I  estimated  the  weight  of  a  cubic  foot  of  tlsf 

continental  currency ;  it  was  equal  to  7440  onnces :  this  oiceeds 

the  weight  of  a  cubic  foot  of  our  best  sort  of  pewter,  and  fiills  ihoft 

of  that  of  our  worst ;  I  conjecture  that  the  metal  of  Hkt  conti* 

nental  currency  consisted  of  twelve  parts  of  tin  and  of  one  of  Ieid« 

Plautus*,  and  other  Roman  authors,  make  mention  of  leaden  mo» 

ney ;  some  are  of  opinion  that  we  ought  to  understand  by  dttt 

expression,  copper  mixed  with  lead  ;  but  that  cannot  be  the  imsb* 

ing,  if  it  be  true,  that  the  Romans  did  not  mix  lend  wlthtMr 

copper  currency  till  the  age  of  Septimius  SeTerns,  for  Plantns  Uf«d 

many  years  before  that  emperor.     I  will  not  enter  into  the  coa. 

trof ersy :  and  I  hare  introduced  this  obserration  relatire  to  tk 

leaden  money  of  the  Romans,  merely  to  shew  the  correspoodsMi 

which  some  of  the  Roman  copper  medals  bore  to  onr  pot«mslsl| 

for  those  which  were  struck  after  the  age  of  Septimius  Seftroi) 

being  exposed  to  a  proper  degree  of  heat,  sweat  out  drops  of  festf, 

as  it  has  been  remarked  our  pot.metal  does  ;  but  metals  of  gveslif 

antiquity  haTe  no  such  property +. 

*  Tacr  fis»  fober,  qui  cnderc  solei  plorabeos  neraoiot.  Plan.  Mot.  A*  IT* 
S.  ILL.  XL  et  CatiD.  A.  If.  S.  lU.  L.  XL.etMarL  L.  X.  £.  LXXIY. 

+  Illi  enim  qui  xtudii  htyoi  amore  teoeniuTy  ciun  Bonelam  Mreaai  aaieSep* 
timiam  SevrniiD  ciinm  igM  probcnt  nihil  plambi  inde  lecenl  depreborflMt 


on  mwTAV9. 

P  hat*  io  >II  >gr«  «9hI 
B  »et  ariMr  dnw  (•  the  bed 
kl;  MTcr  wiibont  thnr  amiiiw  to  ■!■<  pMsL 
*  MtiriiiBf  tbe  mpcrof  Olha  far  ■ 

inda  Mifis  iBiulIbH^  ktqse  n 

Mbloria,  tpeattam  rirSb  UTtiu  bellL 

Hoatrr,  in  drccribiBg  Joao  at  ber  taitrt  -f,   ■ 

'  ■  qKcBlan  i   but  in  Callimachu  t  «e  tec,   tboi^h  il  m 

W  Bujcstj  «f  Jnoo,   aor  Ibe  aisdom  of  Pkllu,  I0  lu 

fcr*  Ihrj  ribibtln]  ihrir  prnoai  10  Paris,  aha  wai 

K  price  of  btavlj  ;   thai  Vuiut,  on  lltc  uim  •cmiaa,  hul  if«>. 

lent  Nconrae  lo  oo»,  beforr  tbe  (»>iild  adjait  ber  lock*  X»  bts 

nra  lalHfactwm.     TIm  i»c»(  ancient  account  we  bj«e  of  tkt  aw  of 

pectU  il  that  io  Exodni  (ixxTiii.  A.)  "  Aitd  he  made  ibc  lirer  of 

tw  ^copper,  or  a  nixtnre  of  copper  and  tin}  aad  tbe  foot  of  it 

br«it  of  ike    luoking.gUwefl   of    Ihe    vonKD."       Tbe    Ea^bh 

td«r  ma^  aontif  r  how  a  vruel  of  brass  coald  be  mde  mui  at 

MJiing^lanei ;    Ihe  Hebrew  aord  might  pxiperlf  be  reodmd  by 

*cala,  or  metallic  mirror*.    Tbe  Jcaiih  wameB  w«re,  prob^blf, 

aientcd  with  ibese  mirron.  ai  they   were  wUb  other  articles  of 

lae  bj  Ibeir  ^yptlan  nejghboan,   when   thej  left  the  connlrjj 

r  it  wa*  Ihe  cuilom  of  (be   Egjptiaiu,    when  tiMf  went  to  (heir 

nplet,  to  carrj-  a  mirror  in  their  left  faand^ :   it  it  remarkable^ 

ml  the  Peruviana,  who  had  10  mxay  cuitoms  in  commoit  with  the 

nptians,  were  Tery  fond  also  of  mirrorii ;   which  they  ordinarily 

nned  of  a  »ort  of  tara  that  bore  a  fine  polbh. 

Pliny  I  (tyi,  that  the  best  specula  were  anciently  made  at  Bnin. 

Itiam  of  copper  and  tia  ;  that  Praxiteles,  in  the  lime  of  Poaipey 

he  Great,   was  the  first  who  made  one  of  siker ;  but  that  silver 

were  in  Ms  time  become  so  common,  that  they  were  used 

t^u  by  tke  maid  serranU.     Tbe  metallic  mixtare  of  tin  and  cop. 


^b«  s*iIbIb  q- . 

toatar.— San>l  de  Num.  AdL  P.  II-  C.  I 


m  plombi. 
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p«r  wai  known  long  before  the  age  of  Pliny;  it  is  mentioied 
hj  Aristotle*,  incidentally,  when  he  is  describing  a  method  of 
rendering  copper  white,  bat  not  by  tin ;  and  from  its  great  atilily, 
it  will  probably  nerer  fall  into  disuse.  We  haye  ceased,  indeed, 
since  the  introduction  of  glass  mirrors,  to  ase  it  in  the  way  the 
ancients  did;  but  it  is  still  of  great  use  amongst  us,  since  the  specola 
of  reflecting  telescopes  are  commonly  made  of  it.  Mr.  Mnc|ge 
has  ascertained f,  not  only  the  best  proportion  in  which  the  copper 
and  tin  should  be  mixed  together,  but  has  found  out  alto  a  method 
of  casting  the  specula  without  pores.  He  obsprveft,  that  the  per. 
fection  of  the  metal,  of  which  the  speculum  should  be  made^ 
consists  in  its  hardness,  whiteness,  and  compactnest.  When  At 
quantity  of  tin  w  a  third  of  the  whole  composition,  the  meCal  thn 
has  its  utmost  whiteness ;  but  it  is  at  the  same  time  rendered  St 
hard  that  it  cannot  be  polished  without  hafing  its  turlhoe  i|Mi* 
tered  and  broke  up.  After  many  experiments,  he  at  length  fonl 
that  fourteen  ounces  and  one  half  of  grain  tin  |,  and  two  pomsdl 
of  copper  made  the  best  composition ;  an  addition  of  half  aa  omet 
more  tin  rendered  the  composition  too  hard  to  be  properlj  poWih 
ed.  The  casting  the  metal  so  as  that  it  may  be  compact  uid  wlA> 
out  pores,  is  a  matter  of  the  greatest  consequence;  he  hit  npen 
the  manner  of  doing  it  by  accident.  His  ninal  way  of  eaitlag  t 
ipeculnm  metal,  was  to  melt  the  copper  and  to  add  Iho  tin  to  At 
melted  copper :  the  mass  when  cast  was  seldom  free  horn  pons. 
After  haying  used  all  his  copper  in  trjrhig  experimenta  to 
this  defect,  he  recollected  that  he  had  tome  metal  wMA  had 
nsenred,  when  one  of  the  bells  of  St.  Andrew  had  been  iw^Mlt 
he  added  a  little  fresh  tin  to  It,  and  casting  a  metal  with  H^  II 
turned  out  free  from  pores,  and  in  all  respects  as  Cne  a  nsttal'  as 
he  eter  saw.  Upon  considering  this  circnmstance,  he 
to  form  a  metallic  mass  in  the  usual  way,  by  adding  tin  to 
copper  J  this  mass  was  porous,  it  was  in  the  state  of  the  beiiiBtM 
he  had  tried ;  and  upon  re.melting  it,  it  became,  as  the  belLiMttI 

•  De  MinO*.  f  Philot^  Tiaos.  1777.  p.  S86. 

%  GraiD  tio  is  worth  ten  or  twd^e  tbilUop  pcrhondrcd  more  ttea  mtetl^ 
bccanie  it  ii  melted  from  a  pure  miperal  by  a  charcoal  fire ;  wheroeuniaa  tls 
b  oiaally  corrupted  with  tome  portion  of  mandick,  mod  other  mineialsr  aalJl 
always  smelted  with  a  bltomieoos  frc,  which  coBimnnicaleta  hrnib,.  sriphf 
reom,  iqjiirioniqwility  to  the  metal.  Piyce,  Min.  Coran.  p.  137.— Mr.  Miift 
probably  med  what  is  called  grain-tin  la  thoshtffH  or  the  partst  SQftjwUch  it 
uraally  sold  ia  pieces  like  icidei. 
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ami  don«,  cotopBCl  and  fr««  from  por<«.  He  uxomitt  (or  tUs  ^L 
^mt9tt  by  obierring,  that  tbe  beal  i»ec««ar]r  to  nMll  copper,  cal> 
'tSaea  part  of  the  tin ;  and  lb«  earthjr  olcine^l  partidcs  «f  tbe  tia, 
being  mited  in  the  mast  of  the  meiat,  render  it  porotu:  but  tbm 
composTtioD  of  tin  and  copper,  mvltiof  wiil>  Ins  tban  half  the  kt*t 
gMsisite  to  melt  the  copper,  the  tin  U  doI  liable  to  be  caTdaed 
tbe  second  melting,  as  in  tbe  finU  I  am  ntber  disposed  ts 
tok,  tliat  tbe  absence  of  the  pores  ij  lo  be  attribnt'  d  in  the  swr* 
Kt  fusion  of  tbe  metal :  for  I  hare  observed  at  ^>  field,  that 
ame  weight  of  melted  steel  will  fill  tbe  tame  moold  to  a  greater 
leas  belghl,  according  to  the  d^ree  of  fusion  the  ste«l  hat  been 
f  If  it  hat  been  in  a  tlroog  heal,  and  thin  fniion,  the  bar  ofuft 
I  will  be  an  inch  in  thirlj-.gii  shorter  than  when  the  fosion  bai 
n  leu  perfect.  Upon  breaking  one  of  tbe  ban,  which  had 
B  made  from  steel  in  an  imperfect  fosion,  its  inside  was  full  of 
ba;  a  shorter  bar  of  the  Mme  weight  and  diameter,  ohich  had 
A  in  a  thin  fusion,  was  of  a  closer  teiture.  Now  the  mixture  of 
Mtd  copper  melts  far  easier  than  copper  does,  and  it  ii  likely, 
Itluri  acconot,  to  be  in  a  thinner  fusion  when  it  is  cast. 
It  raaf  deMTve  (o  be  remarked,  and  I  shall  hare  no  other  oppor. 
tAty  of  doing  it,  that  (tie  m.  Iiing  or  casting  of  steel  was  Intro. 
leed  at  Sheffield,  abuut  forty  jears  ago,  by  one  Waller  from 
Adon  ;  and  kis  afterwards  much  practised  by  one  Iluotsmaa, 
■  whom  steel  so  prepared,  acquired  the  uame  of  Huntsman's 
V  tieel.  it  was  lirsl  siold  for  fourteen -pence,  but  may  now  be 
I  fnr  ten.pence  a  pound  ;  it  costs  three.pence  a  poond  in  being 
llt<-d,  and  for  drawing  ingot*  of  cast  steel  into  bars  of  the  £ize  of 
ion,  they  pay  only  six  shilVmgs  for  a  hundred  weight,  and  tea 
Iting*  for  the  same  qaantity  when  they  make  the  bars  into  a  size 
Ifbr  small  6les,  See.  'Vhe  rast  steel  will  not  bear  more  than  a  red 
It  ;  la  a  welding  heal  it  runs  away  under  the  hammer  like  sand. 
bn  the  art  of  casting  steel  was  introduced  st  Sbrffield,  all  th« 
t  ateel  used  in  the  kingdom  \Ta3  brought  from  Germany  ;  the 
ioew  is  carried  on  at  Sheflreld  with  greater  advantage  ihan  at 
•t  Oliier  places,  for  their  mannfactores  furnish  them  with  great 
tandmce  of  broken  toots ;  and  these  bits  of  old  steel  they  pur. 
iw  at  a  penny  a  pound,  and  melt  them,  and  on  that  account  they 
k  aftird  their  cast  steel  cheaper  than  vbeieit  is  made  aItog«lli«r 
Ma  ttalb  ban  of^teel. 
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CHAP.  IV. 


OF  TimiXIIO  COPPER— TIK—PBWTER. 


(Jn HAPPILY  for  mankind,  the  fatal  accidents  attending  the  qm 
of  copper  Tesiiels,  in  the  preparation  of  food  and  phytic,  are  too 
common,  and  too  well  attested,  to  require  a  particular  ennmermtioB 
or  proof:  scarce  a  year  passes^  but  we  hear  of  some  of  them,  aspe> 
cially  in  foreign  countries;  and  many  slighter  maladies,  origiaatiiif 
from  the  same  source,  daily  escape  obser? ation,  or  are  referred  to 
other  causes,  in  our  own. 

In  consequence  of  some  representations  from  the  College  of 
Health,  the  use  of  copper  Tessels  in  the  fleets  and  armies  of  Swe* 
den  was  aboli!»hed  in  the  year  1764 ;  and  tinned  iron  was  ordend 
to  be  substituted  in  their  stead*.  The  Swedish  gofernment  do- 
serves  the  greater  commendation  for  this  proceeding,  as  thej  haft 
great  plenty  of  excellent  copper  in  the  mines  of  that  country,  but 
no  tin.  An  intelligent  surgeon  suggested,  in  1767,  the  probufailitf 
of  the  use  of  copper  vessels  in  (he  navy,  being  one  of  the  causes  of 
the  sea  scurry,  and  recommended  the  baring  them  changed  for  ves- 
sels of  iron ;  he  remarked,  that  of  the  200  sail  of  ships  which  woat 
to  sea  from  Scarborough,  most  of  them  used  iron  pots  for  boiKag 
their  victuals,  and  that  the  symptoms  called  highly  scorbotic,  wore 
never  seen,  except  in  some  few  of  the  larger  ships  in  which  coppoff 
vessels  were  used  f .  Notwithstanding  this  hint,  and  the  easaplio 
of  Sweden,  I  do  not  know  that  any  other  European  state  lus  pro- 
hibited the  use  of  copper  vessels  for  the  dressing  of  food  on  board 
their  ships  ;  but  many  of  them  have  shewn  a  laudable  atteotioaio 
prevent  its  malignity,  by  inquiring  into  the  best  manner  of  coveriif 
its  surface  with  some  metallic  substance,  less  noxious,  or  less  liable 
to  be  dissolved  than  itself.  This  operation  is  usually  called  tiunii^ 
because  tin  is  the  principal  ingredient  in  the  metallic  mixture,  which 
is  made  use  of  for  that  purpose ;  and,  indeed,  since  the  year  IZMj 

■■  ■ — -^ 

o  Mem.  de  T Acad,  de  Primes  par  M.  Paul,  vol.  IV.  DikPreL  p.  tS.  . 
f  MedioU  Obierv.  by  a  Society  of  Pbys.  in  Loud.  vol.  II.  p.  |« 


^^^^  TIK!«I1IG  COI-rBI,  fcc 

h  \n  been  frrqwadj.  in  tU*  cacmttj  it  Inft,  aM^  ■ 
ttat  ycftr,  Th«  Sociri;  for  the  Eitcosngeamit  oT  Aitt, 
ture*  >nd  C«mtnerc«,  ifaougfal  il  n  object  de«ervw{  tlHtr 
i«  offer  >  prrminn  for  Ui«  linanj;  topprr  aad  brmn  TRaHs  siih 
pur«  tin,  wilhoat  Ipid  or  in;  other  alloy.  TWn  wm  tewml 
ctadidttM  for  the  prvmhifD;  an!  wncv  tial  tiow,  the 
•hb  pure  tin,  ind  h^miorring  it  opon  Ibr  copper.  b«« 
rcfy  pnenl  in  Engtand.  But  tbU  node  of  tintun^  dws  not 
to  have  bMQ  knovo,  or  at  least  if  dor*  not  appiw  to  hafe  bem 
adopted  in  otber  conntrtei  ;  fur  in  the  Menain  of  the  Rojal  Acm. 
deny  at  BmsseU,  for  the  jcar  tTSO,  M.  TAbb^  Marci 
nendt,  as  a  new  pranice,  the  tiooing  mi%h  pare  block-tin  fraw 
EagUitd ;  though,  he  says,  bludc  tin  it  a  componod  body,  tfn 
t*  il  b  imported  froni  EngUnd;  bat  he  thinks  it  a  much  safer  re. 
rering  for  copper  than  what  is  ordinarily  nsed  by  tb«  braiiers  ; 
and  be  jifet  ronie  directioni  ai  to  the  manner  of  perforBtiij  tba 
operation.  The  Lieutenant  General  of  t^e  Police  at  Paris,  irare  it 
in  comrattsiun  lo  the  College  of  Pbannacv,  in  1781,  to  make  all 
the  eiperiraenls  «hich  might  be  necessary  for  determJDiog— whe. 
the r  pure  (in  might  or  might  not  be  nsed  for  domestic  purposes, 
without  danger  to  health  ?  The  researches  which  were  made,  in 
con<equence  of  this  commission,  by  Messieurs  Cbarlaod  and  /tayen 
wilb  great  ability,  were  published  by  order  of  the  French  gorenu 
meiit  ;  and  they  htte  greally  contributed  to  lessen  the  apprehen. 
nons  relative  to  the  use  of  tin,  which  had  been  generally  excited  by 
tbe  eap^rimentji  of  Margqraf,  published  first  in  the  Berlin  Memoirs 
1747.  That  g(>ntleman,  in  pursuing  an  es[jerimenl  of  Henckel, 
Arst  ditcovertd  arsenic  in  tin,  (hewed,  that,  though  there  was 
which  being  fluxed  from  an  ore  of  a  particular  kind, 
arsenic,  the  East  India  tin,  which  is  E[ene rally  esteemed 
iresi  of  all  others,  contained  a  great  deal  of  arsenic.  M.  Bosc 
in  hit  works,  which  uere  published  at  I'ans,  1780,  sets 
the  authority  of  Marggraf,  Cramer,  and  Heltol,  relalire  to 
(h*  rsUtroce  of  arsenic  in  tin  ;  and  is  not  unly  of  opinion,  that  the 
Coroiah  tin  dors  not  conceal  any  arsenic  in  its  substance,  but  that 
■ae  MM  kitchen  furmlure  is  not  dangerous.  Messieurs  Charlaiid 
'  Bayen  found  that  neither  the  I^ast  India,  nor  the  purest  sort 
1,  contained  any  arsenic  ;  but  that  the  English  tin, 
ith  in  commerce,  did  contain  arseuic  ;  though  in  so 
a  proportion  that  it  did  not  amouut,  iu  that  species  of  tin 
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urbich  contained  the  most  of  itf  to  more  than  one.  griin  in  in 
ounce  ;  that  is,  it  did  not  constitute  more  than  one  fiye-handredtli 
and  s«'fenty  sixth  part  of  the  weight  of  the  tin,  there  being  570 
grains  in  a  French  ounce.  This  proportion  of  arsenic  is  so  wholly 
Incon^  •frabl*',  that  it  is  yerj  properly  concluded,  that  the  internal 
use  of  bucn  .-^tnall  portions  of  tin,  as  can  mix  themseWes  with  our 
food,  from  being  prepared  in  tinned  vessels,  can  be  in  no  sennble 
degree  dangerous  on  account  of  the  arsenic  whi^h  the  tin  maj  coi* 
tain,  but  though  tin  may  not  be  noxious^,  on  account  of  the 
arsenic  which  it  holds,  it  still  remains  to  be  decided,  whether  it  ougr 
not  be  poisonous  of  itself;  as  lead  is  unifersally  allowed  to  be| 
when  taken  into  the  stomach.  The  large  quantities  of  tin,  wliich 
are  sometimes  given  in  medicine  with  much  safety^  and  the  coB« 
ttant  use  which  our  ancestors  made  of  it  in  plates  and  diaheii  before 
the  introduction  of  china  or  other  earthrn  ware,  without  expcrL 
encin^  any  mischief,  render  all  other  proof  of  the  innocent  natire 
of  \iUTv  tin  suporOuous.  And  hence  it  may  be  proper  to  add  a  few 
obsiTvalioub  (onccrning  the  purity  of  tin. 

The  ores  of  mi  tallic  substances  often  contain  more  anbitancea 
than  that  particular  one  from  wlilch  they  rec<*ive  their  denoninar 
tion.  M.  KlUr,  of  B'-rlin,  had  in  hit  collection  an  ore,  which coSp 
tained  gold  and  silver,  and  iron  and  quicksilver^  closely  nttited, 
togethi'r  in  the  same  mass.  Lc^ad  ore,  it  ha&  been  rema)ited|  so 
often  contains  silver,  that  it  is  seldom  found  without  it ;  it  if  often 
also  mixed  with  a  sulphureous  pyrites,  which  is  a  sort  of  iron  orii, 
and  with  blackjack,  which  is  an  oie  ol  zinc ;  so  tluU  lead^  and 
silver,  and  iron,  and  zinc,  are  commonly  enough  to  1m  met  with  in 
the  same  lump  of  lead  on*.  Tin  ore,  in  like  manner^  thoi^  it  iii 
sometimes  unn*ixed,  is  often  otherwise;  it  frequently  contaipt 
both  tin,  and  iron,  and  copper*  The  (ire  with  which  tin  ore  ii 
smelted,  is  sufficiently  strong  to  smelt  the  ores  of  the  metala  wliich 
are  mixed  with  it ;  and  hence  the  reader  may  understand,  that| 
without  any  fraudulent  proceeding  in  the  tin  smelter,  there  majbt 
a  variety  in  the  purity  of  tin,  which  is  exposed  to  sale  in  the  saai 
country;  and  this  variety  is  still  more  likely  to  take  place,  in  ipi* 
cimen^  of  tin  from  diH'erent  countries,  at  from  the  East  Iqdifii 
from  England,  and  from  Germany.  This  natural  variety  In  the 
purity  of  tin,  though  sufficiently  discernible,  is  far  less  thw  that 
which  is  fraudulently  introduced.    Tin  is  above  five  tin^ei  a«  deu 
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u  lead  ;  ftnd  u  t  miiture  consutioft  of  •  Urg«  portioa  of  liu  with 
■  amill  ODo  of  lead,  cinnul  easily  be  ilUtinf(uisheil  from  a  mftis  of 
pDr*  tin  ;  the  lempUtinD  lo  adulu-rale  tin  is  grfst,  and  the  fear  of 
detection  tiniill.  In  CurowaXI,  Ilif  parit/  of  tin  b  aKeTtain«d^ 
br'ore  it  t»  exp-sf"!  to  Mie,  bv  what  ii  ciiIIihI  its  coinage:  the  tin, 
when  tmel'erl  from  the  ore,  is  poured  iiito  (|uadraiigul«r  moulds  of 
stODr.  containing  ihont  330  pounds  weight  of  metal,  which,  wbea 
liard'-ned,  b  called  a  biock  uf  tin  ;  i-ach  block  of  tin  is  roiiied  in  ths. 
lullowinti  manner;— ■<  The  officers  appointed  by  the  Duke  af- 
Cornttill  Bsss^  it,  bv  taking  olT  a  pipce  of  one  of  the  under  cor- 
ners of  the  block,  patily  by  cutiiofi,  and  partly  by  breaking;  and 
If  Ncll  (jurified,  they  stamp  the  fact  of  the  block  "ith  the  impre&aieO' 
of  the  teal  ot'th«  Uuchy,  which  itamp  is  a  permi'Mun  for  the  ownet,  \ 
totetl,  and  't  the  same  lime  an  assurance  ihal  the  tin  s-i  mark'd  hu 
been  purposely  examined,  and  found  merrhnntabW  *."  Tbii 
rade  node  uf  auay,  is  not  wholly  impropir ;  fi>r  if  the  tin  bfi 
miud  with  lead,  tlie  lead  it! II  by  il<  superior  weight  sink  (o  the 
bottom,  and  thus  be  liable  to  be  diccuT^red,  when  the  boilnm  cor. 
■e«  of  the  block  is  ox8niin"d.  But  though  the  seal  of  the  Duchy  my 
be  Bome  Security  lo  the  ongiiiaj  purchasers  of  block  tin,  il  can  b*, 
none  at  all  to  tho=e  foreigners  who  purchase  our  tin  from  IJulUnd  ; 
if  ire  may  Ij^lifTe  an  author  of  «reat  nute — ■*  in  llolUnd  e»ery 

foander  hat  English   stamps,    anf!  whalerer  hi*  tin   be,  the  in. 

Iprtion,  block  tin,  makes  il  pass  for  Kniflisht."  Tht^  foraiga 
•dulteration  of  Enj^l  sh  fin  may  be  tl"-  reason  ihtU  Miisschenbroeck, 
vfaa  was  many  years  professor  of  D'ltural  philosiip!iy  ul  Ulreclit, 
pa(t  the  specific  grarily  of  «hal  he  falls  pure  tin  eq^al  lo  73'iO, 
bat  that  of  English  tin,  and  he  has  been  followed  liy  Wsl|<  rius, 
equal  lo  7-171  *  ;  for  it  will  appear  presently,  that  !<urh  sort  of  tin 
■nat  have  contained  i, ear  vn<.lenlh  of  its  weight  itf  lead. 

f*  BtKtow'sNal  KM.  ufCoTow.  p.  IbS. 
f   N-woaD'iChem.  byUwU,   p.r<<». 

t  Mswbpp.  r.t  d-  Pliy«.  nj9.  French  Tran?,  Wnllprii  M'D  v»l.  I.  p.  IM. 
Aerc  It  a  fr*  cmi  TnW.-  .if  Sprciflc  Cnviiic,  pufaiithcil  in  ibr  ircnad  »i>- 
luw  af  UDHchrnbrorck'.  Imtivdnclh  ad  !'!■  I  -plkiam  IV.ifHrg&ni.  ll&t,  ia 
wUeh  ibr  aiKtHir  dori  norr  ju<Hcr  to  KokIiWi  tin,  pulling  Ibe  wrigbl  of  a 
«  Htm  ollh^  pw"(  mrt  tqiiat  to  T<93;  avoir.  >.»:<.  0"e  ipvrlupnurthe 
It  tori  of  MjliircB  tin  fpiit  1^H\,  und  annihrr  elSSDaoctsB  cubic  fool, 
11  tbe  lljhtcit  of  all  the  lioi  which  he  euu&iutd. 


not; 
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Weight  of  a  cubic  foot  of  English  tin,  ftccording  to  diftnat 
«thort. 

Cotes,  Ferguson,  Emerson        73iO  oz.  ayoir. 
BoerhaaTe*8  Chem.  by  Shaw     7331 
Musschenbroeck  &  Wallerias  7471 
Martin         —        —         —     7553 
From  the  following  eiperiments  it  may  appear  probable,  that 
not  one  of  these  authors,  in  estimating  the  specific  grarity  of  tin, 
hu  used  the  purest  sort,  but  rather  a  mixture  of  that  with  lead,  or 
some  other  metal. 

A  block  of  tin,  when  it  is  heated  till  it  is  near  melting,  or  after 
being  melted,  and  before  it  becomes  quite  fixed,  is  so  brittle  tint 
it  may  be  shattered  into  a  great  many  long  pieces  like  icicles,  by  a 
smart  blow  of  a  hammer*  :  tin  in  this  form  is  called  by  our  owa 
manofactur<*rs  grain  tin,  by  foreiicners  Jirujin  tin,  or  tears  of  tiD  j 
and  they  tell  us,  that  its  exportation  from  Britain  is  prohibited 
under  pain  of  deathf.  The  tin  which  I  ustd  in  the  following  ex- 
periments, was  of  this  sort,  but  1  fir&t  melti-d  it,  and  let  it  cool  gra- 
dually; a  circumstance,  I  suspect,  of  some  e^^seq^enoe  la  da. 
determining  the  specific  gravity  not  only  of  tin,  but  of  other  bm^ 
tals.  I  haye  put  down  in  the  following  table,  the  specific  gravity 
of  this  tin,  and  of  the  lead  I  mixed  with  it  by  fusion,  and  of  tht 
several  mixtures  when  quite  cold  ;  the  water  in  which  they  waiv 
weighed  was  60^. 
Weight  of  a  cubic  foot  of  lead,  tin,  &c. 

Lead      —     —  11270  ox.  avoir. 

Tin        —     -  7170 

Tin  31  parts,  lead  1— 7d<21 


Tin  16 

— 

lead 

1—7438 

Tin  10 

— 

lead 

1—7492 

Tin 

8 

— 

lead 

1—7560 

Tin 

6 

— 

lead 

1—7645 

Tin 

3 

— 

lead 

I— 7^40 

Tin 

2 

— 

lead 

1—8160 

Tin 

1 

— 

lead 

1—8817 

*  Thi«  property  it  not  peculitr  to  tin ;  1  have  seen  masses  of  leai 
nnder  iimiltr  cirrumtunces,  eihibted  similar  appearanres;  and  it 
obterffld,  that  ainc,  when  heated  till  it  is  just  rMdy  to  be  fuKd,  is  bri 

+  Eocy,  Frao.  and  Mr.  Baumi  calls  it  *«  ^taiu  eu  roche ,  a  cauee  q« 
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^Blocks  of  tin  are  often  melled  by  Ihe  pewtertrs  Into  small  rods; 

Ibink  the  roils  are  not  sn  pure  as  ihe  gr^A  tin  ;  at  least,  1  found 
'4lMt  a  cubic  fool  of  ihf  spccimpD  I  rxamined,  w<^i°hed  7248 
ounces:  bat  eren  this  sort  excppds  in  purity  any  of  thi^  kinds  ei- 
amioed  by  the  authors  above  menliont'd.  Chtmistry  affords  cer- 
tain methods  of  discorerlng  the  quantity  of  lead  with  which  tin  is 
alloyMl,  but  these  method;  are  offrn  troulilesom?  in  Ihe  applicft- 
Itnn  ;  an  enlarged  table,  of  the  kind  of  which  I  have  here  fhen  a 
ipeclmen,  will  enable  us  to  judge  wilh  sufficient  precision  of  the 
quantity  of  lead  contained  in  any  mixture  of  tin  and  lead,  of  which 
we  know  Ihe  specific  gravity.  Pewterera,  however,  and  other 
dealers  in  tin.  use  not  so  accnrate  a  method  of  judging  of  its  pu- 
rity, but  one  founded  on  the  same  principle  ;  for  the  specific  gra- 
Tiljca  of  bodies  being  nothing  but  the  weights  of  equal  bulks  of 
Iben,  Ibey  cast  a  bullet  of  pure  tin,  and  another  of  the  mixtiire  of 
tin  and  lead,  which  they  want  to  examine,  in  Ihe  same  mould  ;  and 
Ihe  more  the  Mullet  of  the  mixture  excpeds  the  bullet  of  pure  tin 
in  weight,  the  more  lead  ibey  conclude  it  contains. 

Pewter  is  a  mixed  metal ;  it  consists  of  tin  united  to  small  por- 
tions of  Older  raetallic  substances,  such  as  lead,  line,  bismuth,  and 
Ihe  metallic  part,  commonly  called  regulus  of  antimony,  Wehare 
thmv  sorts  of  pewter  in  common  use :  they  are  distinguished  by  Ihe 
name*  of  plate — (rifle — ley.  The  plate  pewter  is  used  for  platea 
and  disbes  ;  the  trifle  chiefly  for  pints  and  quarts  ;  and  the  ley- 
metal  for  wine  measures,  4c.  Our  very  best  sort  of  pewter  is 
said  to  cuiisist  of  UK)  parts  of  tin,  and  of  17  of  regulus  of  anti- 
mony,* though  others  allow  only  10  parts  uf  regulus  to  100  of 
(iof  ;  to  this  composition  the  f  rench  add  a  Utile  copper.  Crude 
aatiniony,  which  con3i^ts  of  nearly  equal  portions  of  sulphur  and 
of  a  m«Ullic  substance,  may  betaken  inwardly  with  great  safely  ; 
but  the  metallic  part,  or  regulus,  when  separated  from  Ihe  sulphur, 
it  held  to  be  very  poisonous.  Yet  plate  |)ew(er  may  be  a  very  in- 
nocent metal,  the  tin  may  lessen  or  annihilate  the  noxious  qualities 
ictatlic  part  of  the  antimony.  We  have  an  instance  some- 
t  similar  to  this  in  standard  silver,  the  use  of  which  has  never 

»((alacli[»r'  iicsayaalin,  itut  il)  tiporlatjoa  i>  pr<ihiliiIPii,bnl 
o(  lee  die  itama  fur  ihr  |irahihiIioti,  u  il  »  nol  niorc  pure  than 
ad  in  Ibit  obiervalion  lie  il  righl,  II  ■■  nolhln^  bn(  Cornish  tin 
Chfm.  par  M.  Baamt,  voL  III.  p.  *SS 

^  WedTnuu.  vol.  I.p.  386. 

K  IVab,  Cbem.  p.  332, 
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been  eatoemed  vnwholesomey  notwithiUndiog  it  codUids  near  oae- 
twelfth  of  iU  weight  of  copper.     Though  standard  silver  has  al« 
wajs  been  considered  as  a  safe  metal,  when  used  for  culinary  pnr« 
poses  ;  yet  it  is  not  altogether  so,  the  copper  it  contains  is  liable 
to  be  corroded  by  saline  substances  into  Terdigris.     This  is  fre^ 
gently  seen,  when  common  salt  is  suffered  to  stay  a  few  days  iii 
silver  saltcetlars,  which  have  not  a  gold  gilding;  and  even  saluie 
draughts,  made  with  volatile  salt  and  juice  of  lemons^  have  beet 
obaerved  to  corrode  a  silver  tea^spoon^  which  had  been  left  a  wetk 
In  the  mixture. 

The  weight  of  a  cubic  foot  of  each  of  these  sorts  of  pewter  il| 

Plate        —        —        7i48 

Trifle       —        —        7350 

Ley         —        —        7063 
If  the  plate  pewter  be  composed  of  tin  and  rq^ua  of  anfimaqry 
there  is  no  reason  to  expect,  that  a  cubic  foot  of  it  should  be  hss* 
vier  than  it  appears  to  be ;  since  regains  of  aotimony,  moooiimg 
to  the  different  ways  in  which  it  is  made,  is  heavier  or  lighter  tinn 
pore  tin.    A  very  fine  silver-looking  metal  is  said  to  be  oompoaed 
of  too  pounds  of  tin,  8  of  regulus  of  antimony,  1  of  Usmuth,  and 
4  of  copper.     The  ley  pewter,  if  we  may  judge  of  ita  composition 
by  comparing  its  weight  with  the  weights  of  the  mizturasrof  tin 
and  lead,  mentioned  in  the  table,  contains  not  so  much  na  n  Mrif 
but  more  than  a  fifth  part  of  its  weight  of  lead ;  this  quasrtily  of 
lead  is  fir  too  much,  considering  one  of  the  uses  to  which  thb  sift 
of  pewter  is  applied ;  for  acid  wines  will  readily  corrode  the  liai 
of  the  flagons,  in  which  they  are  measured,  into  sugar  of  lend ;  tMi 
danger  is  not  so  great  with  us,  where  wine  is  seldom  sold  by  the 
measure,  as  it  is  in  other  countries  where  it  is  generally  told  w$^ 
and  their  wine  measures  contain,  probably,  more  lead  than  onii 
do.     Our  English  pewterers  have  at  all  times  made  a  nyiliiy  of 
their  art;  and  their  caution  was  formerly  so  much  encoumged  by 
the  legislature,  that  an  act  of  parliament  was  passed,  reBdering-  it 
unlawful  for  any  master  pewterer  to  take  an  apprentice,  or  to  cm* 
ploy  a  journeyman,  who  was  a  foreigner.  In  the  present  improfid 
state  of  chemistry,  this  caution  is  useless  ;  since  any  one  tolenUy 
skilled  in  that  science,  would  be  able  to  discover  the  quality  and 
quantity  of  the  metallic  substances,  used  in  any  particular  sort  d 
pewter ;  and  it  is  not  only  useless  now,  bnt  one  would  hnve  tkonghl 
it  must  have  been  always  so;  whilst  tin,  the  principal  ingredfcnl) 
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na  pan  of  Lorope  i«  >•  pie  a  iMto,  aar  !■  w  fmC 

*  aul  frj M,  *)>o  bara  wrtllaa  sa  aiaaMf  ••  At  MiAai 
W4  Itkr  lia  in  Cor ^v*!!,  ua  kiib  af  iWa  likatf  h  laa^ 
I  the  tin  anJ-Tci*)  ><ito*q«p^  to  itt  Biwijt;  BarJa 
Ifcrynjan;  thing  af  in  tfiag  »Mi»J»ilhtfcwttotfc«i*i>— m 
pra«iiMa  to  it*  rain«$« ;  t)«t  aMU*  M.  Ifcat  ika  tia,  »  k  Svva 
fnra  tb«  or*,  h  lid«l  ialo  lra«tgh>,  cack  of  vhkk  aaatJiaa  abaal 
ikn*  hiinini  podnds  artgU  of  iwnlri,  caUad  ilafes,  UaOm.  m 
pKcr*  of  tin,  ht  wliidi  t'xe  sad  fom  k  it  *oU  ia  nay  ^a^tt  !■ 
Enapp.  FvtngMn,  boimer,  hi  gemoA  iMfrl,  Oat  avr  tta  ■■ 
ii  B  laisrd  netal :  awl  tlic  Ff*iM&  CncTdapcdiib  ia  par. 
T  (articla  l^lain)  in/orra  ai,  an  Uk  aatkorit^  of  Mr.  RriMlhi, 
•fain  Bii:iMt  aad  caat  i»(e  if«a  aaaUaaf  haH 
t  ik,  Uticknn* ;  Uat  llie  aclal  i*  ca«1*d  (cry  iIavIj  ;  Ifeat 
•  SoM  il  it  ditiiled  boriMtntaJlj  iato  tlirvc  bjna  ;  thai  tke  afk 
,  bring  xtTJ  Hift  pure  tin,  is  afWrwaid*  lauml  *i(k  cop^ 
^  In  Ibt  pr«poriioa  of  3  poiiaili  of  ooppvr  to  tOO  «(  tin ;  Ual 
d  Ufer,  being  of  a  harttier  aalarr,  hat  i  poaml*  •(  lead 
d  M  100  of  ibe  tin  ;  and  ihal  tbe  loweU  layn  ii  taixed  with 
Niirit  of  lead  to  an  Iwindred  of  Ibe  tin  i  1^  «hoIe  b  Ibra  re> 
t(  aad  cooiei)  quickly ;  aail  this,  Ibrj  saf ,  i*  tke  ordinary  li« 
:  and  Geofl^roj'  had  fomerlj  pxtn  laacb  the  fUM  ae* 
e  il,  probaUy,  do  otber  fouadatioa  tat  lUa  rtporl, 
T  has  barn  miattken  for  tin,  tbeae  Brtab  bfiag  mmb*- 
aaiB  nama ;  and  fine  pewter  bting  Mtnctinoa 
■  Btstnre  of  1  part  of  copp«r  irtth  SO  or  30  parti  «f 


'be  aiiatuTe  geotraltj  used  Far  th«  tiDning  of  copperntMla* 
riata  of  t  poiuidft  of  lesd,  and  of  5  poonds  of  pewter  ;  oben  a 
r  canptwitJOD  ■■  required,  ten  parts  of  lead  are  miied  witb  %\%- 
tflf  tin  ;  or  one  part  of  lead  with  tnoof  tin:  bat  the  proportiooa 
lead  and  tin  >r«  mixnl  together,  ereo  for  the  same  kind 
'ork,  are  not  erery  where  the  same;  different  artists  having  dit 

'  fymtet  aprtin  farni  ostiolo,  meiatlum  in  fenaat  quariam  «  a.'Woa 

a«  4iSaere  •iounl,  ibiqnr  tn  mamas  gianctioTei  concreKit.  Sapenar 
MS  mmMm  pan  ailra  mollit  nl  e<  flexilir,  ut  loLi  claborari  ueqnrat  KM 
iMbealaattiuaiKillcrt  lihrarum  i itprr  iiaoni  libnu  ctnim.  Mass*  pan 
iaM^ntaataB  ciipri  llbnu  reclpit-  Infima  rrro  aitofntfl'ota 
laUUi,  at  cma  taiyiu  ertalii  ci^niBu  librii  |>lanbi  libtM  ocladrcim 
irc  ^ortcat.     Geoff,  Hal.  Med,  toL  I.  p.  193. 


I 
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hwnt  cuftomfi.     Vessels  tinned  with  pnre  tin,  or  with  the  belt 
kind  of  pewter,  which  contains  no  tead,  do  not  stain  the  fingers-^ 
when  nibbed  with  them  :  whilst  those  which  are  tinned  with  coin«»  - 
position,  into  which  lead  enters  ai  a  constituent  part,  coloar  th^ 
lingers  with  a  blackish  tinge. 

Zinc  was  long  ago  recommended  for  the  tinning  of  copper  ves- 
sels,  in  preference  both  to  the  mixture  of  tin  and  lead,  and  to  pore 
tin* :  and  tine  certainly  has  the  adTantage  of  being  harder  tkia 
tin,  and  of  bearing  a  greater  degree  of  heat  before  It  will  bt 
Belted  from  the  surface  of  the  copper ;  so  that  on  botli  tliese  ae> 
counts  it  would,  when  applied  on  the  surface  of  copper,  last  lomgn 
than  tin  ;  just  as  tin,  for  the  same  reasons,  lasts  longer  than  a  miiu 
tare  of  tin  and  lead.  But  whether  zinc  makes  any  part  of  tlie  am* 
pound  metal  for  tinning  copper,  so  as  to  prevent  the  neceisitj  ef 
repeated  tinning,  for  which  a  patent  was  granted  some  years  aga^ 
is  what  I  cannot  affirm.  Whatever  may  the  excellence  of  tiMl 
composition,  or  of  any  other  composition,  which  may  be  inTcnted 
with  respect  to  its  durability,  and  its  not  contracting  rest;  stilt 
it  ought  not  to  be  admitted  into  general  use^  till  it  has  been  protcd, 
that  it  is  not  soluble  in  vegetable  acids,  or  that  its  solutinnf  are 
not  noxious f.  A  method  has  of  late  years  been  introdneed  lit 
Rouen,  of  applying  a  coat  of  zinc  upon  hammered  iron  wnesb 
pans.  The  vessels  are  first  made  very  bright,  so  that  not  a  Mack 
speck  can  be  seen  ;  they  are  then  rubbed  with  a  solution  of  sal 
ammoniac,  and  afterwards  dipped  into  an  iron  pot  full  of  adted 
line,  and  being  taken  out,  the  zinc  is  found  to  cover  the  tarfeee  of 
the  iron  ;  and  if  a  thicker  coat  of  zinc  is  wanted,  it  may  be  ob- 
tained by  dipping  the  vessel  a  second  time.  This  kind  of  coveriag 
is  so  hard,  that  the  vessels  may  be  scoured  with  stand  witlioaC  ito 
being  robbed  oif^.  Kitchen  utensils,  which  are  made  of  cast  ii00| 
are  asnally  tinned  to  prevent  the  iron's  rusting ;  and,  as  gmf 
improvements  hare  been  lately  made  in  rendering  cast  iron  mallei* 
ble,  it  is  not  unlikely,  but  that  tinned  iron  vessels  may  become  of 
general  use. 

•  M«n.  de  TAcad.  d«  Scieo.  i  Par.  174S. 

t  Thii  doabt  with  respect  to  sine  it  nid  to  have  been  removed.— IL  de  1i 
Phmche,  a  physician  at  Farit,  tried  the  eiperiment  no  hlnKlf:  beCMkAe 
■dt*  of  tine,  formed  by  the  Yegetmbte  acidt,  in  a  much  itroager  doie  Ihaa  ^ 
alimenti  prepared  in  copper  Yetaeli,  lined  with  sloe,  could  have  coetaiacd, 
aad  he  felt  no  dangerooi  effects  from  them.  Foorcroy't  Chem.  vol.  I.  p.  4tt. 

X  Jonm.  de  Phy.  Deccem.  1778. 
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The  common  rn^lhod  of  i 
(he  I'Oi'pr  Tcssi-1  quitp  bright. 


inaiili  ia  making  1h«  sarfsc* 
t  (he  loppr  Tcssi-l  quitp  bright,  by  Bcrft^jing  it,  hdJ  by  washing 
;.with  a  lululiun  of  h>I  ammoriiac  ;  it  is  then  heated,  and  (he  tin, 
^  inrtallic  tniiture  designed  fur  (inning,  is  melted,  and  puured 
9  it,  4nt)  beinj  made  lu  tlow  (quickly  orer  erery  part  of  the  sur- 
e  of  the  vesacl,  it  tncorpuiutea  with  Ihe  copper,  and,  vrhen  cold, 
■mini  united  wiih  it.  Kusin  ur  pilch  is  sometimes  used,  to  prei. 
It  the  tin  from  being  calcined,  and  the  copper  from  being 
either  of  which  circumstances  would  hinder  [he  stickiog 
(tbe  tin. 

\  I  bod  the  curioMty  to  estimate  (he  quantity  of  pure  tin,  which  ii 

n  (inning  a  definite  surface  of  copper.     The  ressel  was  ac. 

ntelj  weijuhcd  brfure  and  after  it  was  tinned,   iis  surface  was 

rd  to  254  square  inches  ;  ira  weight,  before  it  was  tinni'd,  was 
onncei,  and  ilb  weigh',  after  the  operation,  was  barely  46-1 
;  to  that  half  an  ounce  of  iiu  was  spnad  over  25'^  square 
or  somewhat  less  than  a  grain  uf  tin  upon  each  i^quare  inch, 
[ow  iflvoeent  soever  pure  tin  may  be,  yet  the  tenuity  uf  Ihe  coat 
I  it.  by  which  copper  vessels  are  ruTerid,  in  the  ordinary  way  of 
Mtiift  cannot  fail  lo  excite  the  serious  apprehensions  of  those 
'ho  ronsider  it ;  fur  in  the  experiment  which  I  have  mentioned, 
*  tin  was  laid  on  with  a  thicker  coat  than  in  the  common  way  ; 
IrKd  af  a  grain,  i  suspect  that  not  a  quarter  of  a  gram  of  tin  ia 
wead  over  a  tquare  inch  in  the  common  way  of  tinning.  A  dis. 
^ptef7  hu  been  lately  made  nt  Paris  of  a  method  of  gifing  to  cop. 
r  or  iron  a  coat  of  any  required  thickness,  by  tinning  them ; 
r  cumposilion  used  fur  the  tinning  i^  n<it  mentioned  ;  but  it  is 
I  (flat  a  piece  uf  copper,  which  iu  the  common  way  of  tinning 
lly  absorbed  11  grains  of  tin,  absorbed  of  (he  new  composition 
2  grains,  or  above  twenty  times  as  much*.  Till  this  discovery 
aenerally  known,  our  workmen  should  study  (o  cover  the  cop> 
r  wi(h  as  thick  a  coat  as  they  are  able  of  pure  tin.  The  dan- 
ifrom  the  corrosion  or  solution  of  the  tin  by  vinegar,  juice  of 
,  or  other  vegetable  acids,  if  any  at  all,  cannot  it  is  appre- 
apded,  be  sent'ibly  felt,  except  in  very  irritable  habits,  or 
per*  lOur  broths,  sauces,  or  syrups,  are  sufiered  to  stand 
■-  't  tinned  ressels  before  they  are  used.  And,  indeed,  a  pro. 
ir^lUention  (o  keeping  the  vessels  clean,  mi^ht  render  the  use  of 
self,  for  the  boiling  of  food,  especially  of  animal  food^ 


■   L'F*pri(  del  Jon 
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whollf  stfe.  The  Frenck  may  b«  allowed  to  «zeel  vs  in  cookeiji 
but  we  probably  excel  them  in  cleanlineti ;  for  the  raelancholj 
acci'lenti  attending  the  ate  of  copper  vetseh,  are  mnrh  less  fre« 
qnent  in  England  than  in  France ;  and  this  difference  proceeds,  I 
conjecture,  from  the  superior  care  of  the  Cn^li^h  in  keeping  their 
Tcssels  clean,  and  from  the  cheapness  and  parity  of  tije  tin  we  nse 
in  tinning  copper.  We  are  not  certain  that  the  art  of  tinning 
copper  ressfls  was  known  to  the  Jews,  uhen  they  came  ont  of 
Egypt ;  the  vessels  u.ied  In  the  temple  service*  w>  re^  made  of  cop- 
per by  diTine  appointment,  and  by  being  constantly  kept  cl^an,  no 
incooYeniences  followed.  The  wort,  from  which  malt  liqnor  ii 
brewed,  is  boiled  in  copper  vessels ;  the  distillers  and  confectionert 
prepare  their  spirits  and  syrups  in  un.tinnr'd  vessels  of  the  same 
metal,  without  our  sofFfring  any  thing  in  our  health  from  these 
practices ;  at  least,  without  our  being  generally  persuaded  that 
we  suffer  any  thing.  A  new  copper  vesseK  or  a  copper  vessel 
newly  tinned,  is  more  dangerous  thiin  after  it  has  been  used ;  be- 
cause its  pores,  which  the  eye  cannot  distinguish,  get  filled  up 
with  the  substances  which  are  l)oiled  in  it,  and  all  the  sharp  edges 
of  the  prominent  parts  become  blunted,  and  are  thereby  rendered 
less  liable  to  be  abraded. 

M.  de  la  L4inde,  in  describing  the  cabinet  at  Portiri,  observes, 
that  the  kitchpn  utensils,  which  have  been  dug  up  at  Hercnlaneon, 
are  almost  all  of  thrm  made  of  a  compound  metal  like  our  bronse, 
and  that  many  of  the  vessels  are  covered  with  silver,  but  none  of 
them  with  tin  :  and  hence  he  concludes,  that  the  useful  art  of  ap» 
plying  tin  upon  copper,  was  unknown  to  the  Romans  ;  <^  cet  art 
vtile  d*appliqner  retain  sur  le  culvre  manquoit  auz  Romainai*.*' 
By  the  same  mode  of  arguing,  it  might  be  Inferred,  that  whatever 
Is  not  met  with  in  one  house  or  town,  is  not  to  be  found  in  a  whok 
country:  yet  should  a  town  in  Engbnd,  in  which  there  happened 
to  be  plenty  of  tinned,  but  no  plated  or  silvered  copper,  be  swal- 
lowed op  by  an  earthquake,  a  future  antiquary,  employed  In  dig* 
ging  up  its  ruins,  would  make  a  bad  conclusion,  if  he  should 
thence  infer,  (hat  the  English  onderstood,  indeed,  at  that  tiM, 
the  art  of  applying  a  covering  of  tin,  bnt  not  one  of  silver  upon 
copper.  If  the  injrenious  author  had  recollected  what  is  said  In  the 
S4th  book  of  Pliny's  Natural  History,  he  would  have  seen  reasoa 


■«a*i 
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to  belifve,  that  the  Romans,  at  least  when  Pliny  nrole  that  boak, 
did  understand  the  method  of  tinning  copper  which  is  now  in  usu; 
tor  this  great  naturalist  assurer  us  in  express  terms,  that  tin, 
tUMred  upon  cupper  res.seU,  rindered  the  tnite  more  agreeable, 
Md  Te«trnined  the  virulence  of  Lopper  ru^t.  It  is  to  no  purpuse 
40  object,  that  the  lin  (Jtaunum)  of  f  liny  nts  u  substance  diBereat 
JboDi  our  tin:  for  though  it  abuuld  be  in  some  measure  granted 
.ttai  it  was  a  mixture  of  lead  and  silver,  yet  the  same  author  tells 
«■,  in  the  same  plac,  that  white  lead  (plumbum  album),  by  which 
A  b  nahrersally  allowed  our  tin  ia  meant.*  was  so  incorporated  with 


t,  while  he.  acliiioiTlcdgi's  Ihui  by  plumimn  alhiim  was  gfntrally 
'ufOU  ns  thai  hy  Ihc  somr  lena  pcwlcc,  or  n  mlitarp  of  lead  and 
>ccaaiDnall]i  iD(FDdcd.^hc  passage  we  refer  to  iiinhil  Dole  upon 
1.379- 

Dc Clique,  el  auro  r»  aurum  concopulat  una, 
£riqur  les  rLUMBO  lil  uiri  jungalur  ob  aldo< 
One  ccmenl  snlc  with  i^old  concenlrsiM  gnid. 
And  Doughl  bul  Pewter  braa  with  brus  unllei. 
Tl>e  ccMCBt  berc  refccrfd  In,  uiyi  he,  isdonbllni,  Ibc  chrjsocAlla,  a  mineml 
iMd,  foqnd  on  Ihc  ihowa  of  Ihc  Red  Sea,  of  an  elegant  green  colour,  dcno- 
'kfoaied  bj  ikr  aaiivei  of  modern  limes  linear,  or  (iacal.    The  bnriix,  now  in 
'Me  for  aiDiJar  puipows,  does  nai  differ  essrnlially  fram  the  chryaoculb,  when 

SAsMlrcd  aid  crjslalited,  and  h,  by  some  cbemisd,  supposed  la  be  precisely 
Pewter  it.  to  the  pr»i;nt  dny,  the  mmmon  solder  for  copper  sad  bnue:  it 
fl  genelxlly  ■  ratnbinatioa  of  lit),  lead,  and  reguliis  of  aniimony.     Fcdib  th« 
lead  enployed  in  the  minufarluri-,  and  Ihe  tplendid  whlleneuof  ili  appear- 
BScc  when  too  much  lowered  or  ndulteraled,  it  ii  here  happily  desoaiinaled 
by  <Hlr  ]Kiel  pliunbum  album ;  literally  "  white  lead  i*'  and  by  tbti  term  It  H 
aroneofoly  Iranelaled  by  Guernier.     I  say,  erroacoiHlyi  for  i!ie  cenwe,  or 
wUlc  lead  of  modern  dayi,  is  no  Hitder  whatever  In  tnctallic  prepataliODi. 
Creech  aniU  ibe  venc  entirely,  and  thus  dexterously  lani  away  from  the  dif- 
flcnlty.     De  Couiarci  is  wrong  in  the  whole  passage:   "  I'Brgcnl,"  says  he, 
"  CM  alKe  aiec  Tor,  ei  I'airain  avec  1c  plomb."   "  Sllier  aoiles  il»e1f  with  gold, 
■Bd  bnu  with  lead."     Morchelti  is  quite  correct  i 
-  ^<on  lo  Magna  <1  raiar 
Si  oldaalrame. 
leave  it  to  Ihe  chemisu  to  dclermiDC  whal  subalaace  was  employed 
inifead  of  Ibe  regialin  of  anliniany ;  or  whethei  the  ancient!!  were 
id  with  a  nelal  of  this  description,  and  Hi  difTeFent  powers  la  dlf- 
le>  of  combination.    Yet,  probably,  ihc  plumbam  album,  or  copper 
Ihe  Romans,  was  a  mixture  of  lead  and  tin  alone. 
flnc«writii1g  Ihc  above,  I  have  me[  with  an  eicellent  memoir  of  M.  Klap- 
~   Q  the  Berlin  Memoin  de  1' Academic  Royole  dea  Sciences,  Vol. 
Itn — n93i  in  which  iKe  author  luferls,  thai  the  plumbam  nignim  of  the 
£  lead,  and  the  plumbum  album,   cnndidum,  or  argcntaiium,  tin, 
TifH  of  the  Greeks.    There  can  be  no  doubi  ibal  Ibii  opptllAiiua 
Tot.  fl.  X 
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copper  by  bailing,  that  (he  copper  could  scarcely  be  distinguidiel 
fron  silf  ei>.  *  Naj,  it  appears  that  the  Ronuras  not  only  used  pate 
tiDy  but  the  same  mlatvre  of  tfarand  lead,  which  some  of  our  wofk- 
men  use  at  thb  time  in  tinohig  ressels.  A  mixtnre  of  equal  parts 
•f  tin  and  leady  they  called  argentarium ;  a  mixture  of  two  parts 
of  lead  and  one  of  tin,  they  caU  tertiariam ;  and  with  equal  parts 
of  tertiarinm  and  tin,  that  is,  with  tw9  parts  of  tin  and  one  of  lead, 
they  thined  whateyer  Tcssels'  they  thought  fit.  They,  naereofer, 
applied  sihrer  upon  copper,  in  the  same  way  in^  which  tiiej  applied 
lin  upon  it  ;f  and  thi^  used  this  silrered  copper  (I  da  not  call  R 
plated,  because  copper  is  plated  by  a  different  process)  in  oana* 
meoting  their  carriages,  and  the  harness  of  their  horses,  as  we  now 
use  plated  copper ;  on  this  head  Qiny  obserres,  and  m  rigid  phi« 
losopher  wiU  apply  the  obserration  to  oorselres,  that  suck  warthe 
luxury  of  the  Romans,  that  it  was  then  simply  reckoned  a  piece 
of  eiegance  to  consume  in  the  ornaments  of  coadies,  and  la  the 

was  seotraUy  applied  Ht  tib  alone i  but  as  thii  metal,  when  employed  abiplj, 
will  be  foood  a  very  indiSTereot  folder  for  copper,  it  ii  obvioai,  tlait  te  pl«B> 
bamalbua  of  oar  poet,  and  of  tba  Roaan' coppenmithi  in  aeneral,  noit  alw 
haTC  iiicloded  a  compoond  of  tin  with  lead,  or  soaie  other  nwlalr  as  well  as 
poie  unmixed  tin.  M.  Klaprotb,  who  has  paid  mncb  attantlon  to  ■oai— atif 
analysis,  has  discovered  that  tlie  coins  of  Magna  Grsecia  and  Sicily  consisted  of 
copper,  alloyed  with  from  an  eighth  to  a  twelfth  part  of  leadi  and  half  as  mnci 
of  tin.  The  Roman  coins  he  has  at  times  found  to  have  been  fbnaed  ef  pae 
copper  {  and  occasionally  with  an  BWoy  of  one-fourth,  or  one-sisth,  part  ef  sine, 
and  a  small  portion  of  tin*  The  ancients  were  only  acquainted  with  aiac  ii 
its  ore,  which  is  calamine ;  their  bra»  was  denominated  aarichalGUBy  and  wai 
a  compound  of  calamine  and  copper.  Zinc,  as  a  semi-metal,  vras  net  kaowi 
tiU  its  discovery  by  Albertus  Afognus,  in  the  ISth  century.  AecofAag  to 
Aristotle,  the  Greeks  acquired  their  knowledge  of  conferting  copper  inis 
bras9,  or  aurichalcum,  from  a  people  who  inhabited  the  borders  of  the  Evdat 
sea,  whom  he- denominates  Mossy nmci ;  and  it  is  from  this  word  Bt*  Kbproft 
derives  the  term  messing,  which  is  the  German  appellation  for  bimss. 

*  Stanoom  ilHtom  seneis  vasis,  uporem  gratiorum  reddit,  et  Gompeicit  nrs- 
ginis  virus,  mirumque,  pondns  noa  anget— from  the  copper  not  being  leadbly 
increased  (for  Pliny  here  speaks  popularly),  we  may  inCer,  that  the  eoferiK 
of  tin  which  the  copper  received  was  veiy  blight,  and  the  art  alMed  to  by 
Pliny  in  this  phice,  was  probably  the  same  with  that  of  tinning  now  la  w»* 
album  (sell,  plumbum)  iacoqnlter  sereis  operibos,  GalUanan  iavcato,  lla  Ut^ 
discemi  poskit  ab  argeato,  eaqae  incoctilla  vocant.  This  deieriptleo  seem 
to  be  expressive  of  the  auuiner  of  tianiqg»  by  patting  the  copper  Into  sidled 
tin,  as  is  practised  in  the  tioaiag  of  hoapktes.  Plia.  HisL  Nat.  U  ZZXIT. 
8.  XLIII. 

f deinde  et  atgeaton  incoqiBerr  tioiili  ssedTe  cinpefe  efaosam 
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tnpping9  of  korses,  metals,  whicJi  theit  aac«tton  e 
drinkiag Tessels,  vitbout  beingutanbhed  al  tMrowpfafipCt^ 
we  are  not  yet,  however,  arrived  xt  the  ex(nt»sK»c^  <ti  N^r«  aod 
Us  wife,  who  shod  their  favoutite  tkones  viik  gold  and  tilier. 

Pliaf  mpotions  an  experiment  as  charactertitic  at  tin— tliat  wWn 
ntdted  and  poared  npoD  paper,  it  lemird  to  break  tbe  paper  bf 
its  weight,  rather  than  bf  its  heat ;  and  Ariftotle,  loo^  bcfara 
Pliof ,  had  remarked  tite  small  degree  of  he^  wUch  wai  rrqvilile 
to  (ate  Celtic  (British)  tin.*  ThU  metal  mclu  witk  Ins  beat  tbaa 
uj  other  limpte  mttallii;  substance,  except  qaicksilrer ;  il  re- 
pairing for  its  fusion  not  tnice  the  heat  in  which  watci  boits  ;  bat 
iitioos  of  lin  and  lead,  which  are  used  in  lioDin',  melt  oilb 
still  less  degree  of  heat,  than  what  i^  requisite  to  taelt  simple  tin  : 
ltd  a  mixture  roniposed  of  5  parts  of  lead,  3  of  tin,  and  S  of  btk 
pmib,  though  solid  in  Uie  heat  of  the  stBo^bere,  laeits  with  a 
1m>  degree  of  heat,  than  that  in  which  water  botb. 

[fVatioit'i  Chemkai  Bttagi. 

SECTIOK   1. 

Of  tinning  if  on^Of  plating,  and  gilding  copper. 

Ibon  is  tinned  in  a  different  manner  fromcopper.  In  some  foreign 
lolries,  pirticnlarly  in  France,  Bohemia,  and  Sweden,  the  iron 
tlntea,  wUch  are  to  be  tinned,  are  put  under  a  heary  hanmer  which 
Mfes,  In  some  work),  76  stroke::  in  a  minate:  they  can  in  one 
cek,  with  one  hammer,  fabricate  4320  plate* ;  the  iron  is  heated 
in  a  furnace  eight  times,  and  put  eight  times  ooder  the  hammer 
during  the  operxlion,  and  il  loses  near  an  eighth  part  of  its 
wenht.  Iron  and  copper  are  both  of  them  very  apt  tu  be  icaled 
by  being  heated,  and  they  thereby  lose  greatly  of  their  weight. 
Twenty.four  hundred  weight  of  pore  plate  copper  will  not,  when 
BUinfoctnred  into  tea-kettles,  pans,  &c.  g;iTe  above  twenly- 
hnndred  weight.  Twenty-one  hundred  weight  of  bar  iron 
rive  a  ton,  when  split  into  rods;  but  taking  into  consideration 
all  inm  and  steel  wares,  from  a  needle  to  an  anchor,  it  is  eHimated 
thirty  hundred  of  bar  iron  will,  »X  an  arerage,  yield  a  ton  of 

•  De  Mirab. 

[  ao  inMnctlve  pMDpfclet.  intitled,  A  Replj  to  Sir  L,  O'BrieD,  br  W, 
,  1783. 
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Thirty  hundred  weight  of  cast  iron  is  reduced  to  twenty,  when  Hii 
to  be  made  into  wire  ;   and  twenty.siz  to  twenty-two,  when  it  ii 
to  be  made  into  bar  iron.     Steel  suffers  much  less  loss  of  weight  is 
being  hammered,  than  iron  does.     Cast  steel  does  not  lose  whom 
two  parts,  and  bar  steel  not  aboTe  four,  in  one  hundred,  when 
drawn  into  the  shape  of  rasors,  files,  &c.  The  iron  plates  in  Englaiid 
are  not  hammered,  but  rolled  to  proper  dimensions  by  being  pit 
between  two  cylinders  of  cast  iron,  cased  with  steel.     This  me- 
thod of  rolling  iron  is  practised  in  Norway,  when  they  form  the 
plates  with  which  they  cover  their  houses ;  but  whether  it  was  h* 
▼ented  by  the  English,  or  borrowed  from  some  other  country (ai 
many  of  our  inventions  in  metallurgy  hare  been,  especially  liMi 
Germany),  I  have  not  been  able  to  learn.      In  the  first  acoonnt 
which  I  have  seen  of  its  being  practised  in  England,  K  is  said  to 
have  been  an  invention  of  Major  Hanbury  at  Pontypool  ;  the  ac 
count  was  writen  in  1697}  &o<)  many  plates  had  then  been  loUed** 
The  milling  of  lead,  'however,  which  is  an  operation  of  the  sane 
kind,  had  been  practised  in  the  year  1670  ;  for  an  act  of  parlia« 
ment  was  passed  in  that  year,  granting  unto  Sir  Philip  Howaid 
and  Francis  Watson,  Esq*  the  sole  use  of  the  manufacture  of 
milled  lead  for  the  sheathing  of  ships.     A  book  was  published  in 
1691,  intitled,  The  New  Invention  of  Milled  Lead  for  sheading 
of  Ships,  Sec.    It  appears  from  this  hook,  that  about  twenty  siiips, 
belonging  to  the  navy,  liad  been  sheathed  with  lead ;  but  the  piac* 
tice  was  discontinued,  en  account  of  complaints  of  the  officeis  of 
the  navy,  that  the  rudder  irons  and  bolts  under  water  had  been 
wasted  to  such  a  degree,  that  in  so  short  a  space  of  time^  as  had 
never  been  observed  upon  any  unsheathed  and  wood*  sheathed  ships* 
The  persons  then  interested  in  sheathing  with  lead,  published  m  sen* 
sible  defence ;  and  among  other  things  they  remarked,  that  bath 
the  Dutch  and  the  English  had  ever  been  in  the  habit  of  sheathing 
the  stern-posts  and  the  beards  of  the  rudders  with  lead  or  cefiper; 
and  that  the  Portuguese  and  Spaniards  did  then  sheath  the  whek 
lK>dies  of  their  ships,  even  of  their  gallions,  with  lead,  and  had 
done  it  for  many  years.     Copper  sheathing  has  since  taken  place 
in  the  navy  ;  but  it  is  said  to  be  liable  to  the  same  objections  which 
were,  above  a  century  ago,  made  to  lead  sheathing.     It  b  prefer, 
able,  however,  to  lead,  on  account  of  its  lightness.    If  tlie  fiMt 

•  Phil.  Traw.  Abr.  Vol.  V. 
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sbaald  b*  once  w«ll  established,  that  (hips  sbeatlied  with  lead  or 
copftt  will  not  last  so  long  as  Ibose  nbich  are  nn&heathed,  or  sbeatb. 
ed  M1I7  wilh  vood,  it  would  be  a  problem  well  deserrtng  the  coo- 
fidetatiOD  of  chemists,  to  inquire  into  the  manaer  how  a  metallic 
cOT^ring  operates  in  injuiiog  the  constraction  of  the  ^hips^  and 
whether  that  operation  is  exerted  on  the  iron  bolts,  or  on  the  tlm. 
bers  of  the  ship.  When  the  iron  platts  hate  been  either  ham- 
mered  or  rolled  to  a  proper  thickness,  Ihej  arc  steeped  in  an  acid 
liquor,  which  is  produced  from  the  fermentation  of  barlej'  meal, 
tfaongli  anjr  other  weak  acid  would  answer  the  purpose;  this  steep* 
ivg,  and  a  subseqnent  scouring,  Gleans  tbe  surface  of  the  iron  from 
every  speck  of  tust  or  blackness,  the  least  of  which  would  hinder 
the  tin  from  sticking  lo  ihe  iron,  since  no  metal  will  combine  itself 
with  any  earth,  and  rust  is  the  earth  of  iron.  After  the  plates 
lu«e  been  made  quite  bright,  they  are  put  into  an  iron  pot  filled 
with  melted  tin  ;  the  surface  of  the  melted  tin  is  kept  covered  with 
tnct  or  pitch,  or  some  fat  substance,  to  prevent  it  from  being  cal- 
cjaed  ;  the  tin  presently  unites  Itself  to  the  iron,  corering  each  side 
of  every  plate  with  a  thin  white  coat :  the  plates  are  then  taken 
out  of  the  melted  tin  ;  and  undergoing  some  further  operations, 
which  render  them  more  neat  and  saleable,  but  are  not  essential  to 
the  purpose  of  tinning  them,  they  are  packed  up  in  boxes,  and  are 
erery  where  to  be  met  wilh  in  commerce  under  the  name  of  tiU' 
plates,  though  the  principal  pnrt  of  their  substance  is  iron  ;  and 
hence  the  French  have  called  them  fer  blanc,  or  while  iron  :  Sir 
John  Petlus  says,  that  they  were  with  us  vulgarly  called  lallen; 
though  that  word  more  usually  I  think  denoted  brass. 

Tin  Is  not,  but  iron  is,  liable  to  contract  rust  by  exposure  lo  ur 
and  moiiture,  and  hence  the  chief  use  of  tinning  iron  is  (o  hinder  It 
from  becoming  rusty ;  and  it  is  a  question  of  some  importance, 
whether  iron  of  a  greater  thickness  than  the  plates  we  have  been 
(peaking  of,  might  not  be  advantageously  tinned.  I  desirtd  a 
workman  to  break  off  the  end  of  a  pair  of  pincers,  which  had  been 
long  used  in  taking  the  plates  out  of  Ihe  melted  tin-,  the  iron  of 
the  pincers  seemed  lo  have  been  penetrated  through  it's  whole  sub- 
Etaoce  by  the  tin  ;  it  was  of  a  white  colour,  and  had  preserved  il'a 
malleability.  It  is  usual  lo  cover  iron  atirrups,  buckles,  and  bri- 
dle biti,  with  a  coat  of  tin,  by  dipping  them  after  they  are  made, 
uito  melted  tinj  and  pins,  which  are  made  of  copper  wire,  are 
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whitened,  by  being  boiled  for  a  long  time  with  grtnnlated  tin  is  i 
lye  made  of  allum  and  tartar.  Would  the  iron  bolts  nsed  in  sfai|k 
buildini^  be  preserred  from  rnsiiDg  by  being  long  boiled  in  meltri 
tin  ? — Would  it  bt-  pos^ible  to  silver  iron  plates  by  substiUilipy 
melted  silt er  for  melted  tin  ?  I  do  not  know  that  this 
has  erer  been  tried  ;  but  an  intelligent  manufacturer  will  see 
advantages  which  would  attend  the  success  of  it* 

It  is  customary,  in  some  places,  to  alloy  the  tin,  used  for  tinnhig 
iron  (>]ates,  with  about  one-seventietii  part  of  its  weiglit  of  copper : 
foreigners  make  a  great  secret  of  tlib  practice :  I  do  not  know 
whether  any  of  our  manufiicturers  use  copper ;  some  of  them  I  Imie 
reason  to  belieTe  do  not.  Too  much  copper  renders  the  plates  of  a 
blackish  hue  $  and  if  there  is  too  little,  the  tin  is  too  fbUk  upon 
the  plates  -,  but  this  thickness,  though  it  may  render  tlie  pMm 
dearer,  or  the  profit  of  the  manuftcturer  less,  will  make  HiemlMt 
longer.  When  the  tin  is  heated  to  too  great  a  pitch,  sone  of  the 
plates  ha?e  yellowish  spots  on  them ;  but  the  coat  of  tin  Is  tldancr 
and  more  even,  when  the  tin  b  of  a  great,  than  of  a  moderate  keat; 
and  the  yellowness  may  be  taken  away,  by  boiling  tlie  platM  iir 
two  or  three  minutes  in  lees  of  wine  ;  or,  where  tlMj  eamot  ha 
had,  sour  small  beer,  or  other  similar  liquors,  may,  prelmliyi  ha 
used  %i  ith  the  same  success.  The  quantity  of  tin  used  in  tisniag  a 
definite  number  of  plates,  each  of  a  definite  size,  is  not  tlia  nme 
at  different  manufactories.  In  some  fsbrics  in  Bohemia,  ttej  m» 
fourteen  pounds  weight  of  tin  for  making  three  hnndred  platet, 
each  of  them  being  eleven  and  one.third  inches  long,  by  eig^  «mI 
a  half  broad  ;  according  to  this  account,  one  pound  of  tfai  cofSfS 
a  surface  of  twenty-eight  and  one.third  square  feet:  Hi  oAer, 
where  the  tin  is  laid  on  thicker,  one  pound  will  not  cover 
twenty -two  square  feet ;  the  thickness  of  the  tin,  even  in  HA 
is  small,  not  much  exceeding  the  one- thousandth  part  of  an  Mky 
though  that  is  near  twice  the  thickness  which  tin  has  upon  eoppcr 
in  the  ordinary  way  of  tinning.  I  hate  inquired  of  our  EagUA 
manufacturers  ccmcerTiing  the  quantity  of  tin  used  by  tliem  la  ce- 
Tering  a  definite  surface  of  iron ;  and  from  what  I  could  coHect,  It 
is  very  nearly  the  »ame  with  that  used  in  Bohemia,  from  wiMaes 
we  derived  the  art  of  tinning,  or  twenty-eight  square  feet  tos 
pound  of  tin.     « 

There  are  various  tin  plate  manufactories  established  of  latf 
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jeania  i'lSeieat  parts  of  EDgluid  uid  Wales.  Stxoajr  «m]  put 
•f  BohemU  fonnerlj  lapplicd  all  the  kaowD  w«rid  with  the  at^ 
nodily ;  but  England  now  exports  large  qoantitin  at  it  la  HoUand, 
Flanders,  France,  Spain,  Jtalj,  tad  other  pUe««.  Aboat  the 
jrear  1070,  Andrew  Varringlon,  (he  dewrrn  a  sutae  for  tbe  aU 
tetnpt)  undertook,  at  tbe  cspence  vf  soaie  eBterpriiuig  penoot,  3 
Joarnejr  ialo  Saxony,  ia  order  to  discover  tbe  art  of  making  tin 
ptalea ;  he  iQcceeded  t*  bb  utmost  wishes  ;  and,  oq  his  retani, 
aererai  parcels  of  tin  plates  were  made,  which  met  the  approbation 
of  tbe  tin-men  in  London  and  VVom^ter*.  Upon  this  success, 
preparations  were  made  for  setting  np  a  maonfactorf ,  by  the  same 
peraoM  wbo  bad  expend*^  tkeir  oionef  in  making  the  discorery  ; 
bat  a  patent  being  obtained  by  some  others,  the  desifo  was  aban> 
riooed  by  the  first  projectors,  and  the  pateni'-es  never  made  any 
plates ;  so  that  the  wbotc  scheme  seems  (»>  have  been  ^ireo  up  til] 
tbe  year  1730,  when  the  fabricalinz  of  tin  jilates  made  one  of  the 
many  rery  useful  projects  (though  they  were  mijed  with  some 
wUcb  were  impraclicaule)  Tor  which  that  year  will  erer  be  memo, 
rable.  How  soon  after  that  year  the  manufacture  of  tin  plates 
gained  alastiDg  establishment,  and  where  they  were  first  made,  are 
poinU  on  which  1  am  not  sufficiently  infornted  ;  an  old  Cambridge 
warkmaa  has  told  me,  that  he  D<ed  them  at  Lynn,  in  Norfolk,  iu 
the  year  1730,  and  that  tbey  came  from  Pontypool.  The  tiii.Aien, 
at  tbe  first  introduction  of  tbe  English  plates,  were  greatly  deligbtpd 
with  them  ;  they  had  a  better  colour,  and  were  more  pliable  than 
tta  foreign  one)',  which  were  then,  anil  still  continue  to  be  ham. 
Bered ;  it  being  impossible  to  hammer  either  iron  or  copper  to  so 
nitona  a  thickness,  as  these  metals  are  reduced  to  by  being  rolled. 
Il  u  aaid  that  a  Coroish  tin^mau  flying  out  of  England  for  a  mar. 
fclhr  ia  1243,  discovered  tin  in  Saxony,  and  that  before  that  disco- 
^biy,  there  was  no  tin  in  Europe,  except  in  England  4^;  a  Romisb 
^Bricst,  converted  to  be  a  Lutheran,  carried  the  art  of  making  tin 
^^rtes  from  Bohemia  into  Saxony,  about  tbe  year  10W  X  >  and  An. 
drew  Yarringloo,  as  we  have  seen,  brought  it  from  Saxony  Into 
£agIandaboDt  the  year  1670;  Saxony  at  that  time  being  the  only 
place  in  which  tbe  plates  were  made.      They  are  now  made  not 
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1«BS. 
*  Hejlin's  Geof.  J  YatrlnjWn. 
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only  in  England,  bat  in  Frtnce,  Holland,  Sweden^  Ax.  thoog^ 
from  the  cheapness  of  our  tin,  and  the  excellencj  of  some  sorti 
of  onr  iron,  the  greatest  share  of  the  tin  plate  trade  must  ever 
center  with  ourseWes.  Onr  coal  is  another  ctrcumstanoe  which 
tends  to  gi^e  Great  Britain  an  adyantage  OTcr  some  other  eomu 
tries,  in  such  mannfactnres  as  require  a  great  consnmption  of  fueL 
Wood  was  scarce  in  Saxony  about  a  century  ago,  and  it  b  now 
still  more  scarce  in  France.  They  are  beginning,  it  is  said,  in 
that  country,  to  nse  coal  and  coak,  or  charred  pit.ooml,  caUed 
by  them  charbon  de  terre  Spuria  and  they  hare  granted  a  patent 
to  an  individual  for  the  preparation  of  It*.  Another  individnal 
bos  begun  to  distil  tar  from  pit- coal,  and  he  gets  abont  firo  ponds 
weight  of  tar  from  an  hundred  of  coal  (which  is  pretty  aoafly 
what  I  suggested,  in  1781,  as  possible  to  be  obtained  from  ths 
same  quantity,  Vol.  II.  p.  369).  The  French  f  expect  great  ad« 
vantage  from  this  mode  of  depvrating  coal :  but  we  have  notliii^ 
to  apprehend  on  that  score ;  for  the  patriotic  leal  of  the  Earl  al 
Dundonald  has  put  us  in  possession  of  every  advantage  which  caa 
be  expected  from  a  discovery,  which  he  has  had  the  hoooor  of 
bringing  to  perfection. 

The  plating  of  copper  is  performed  in  the  following  maaaer: 
Upon  small  ingots  of  copper  they  bind  plates  of  silver  wMh  iron 
wire,  generally  allowing  one  ounce  of  silver  to  twelve  omMes  ef 
copper.  The  surface  of  the  plate  of  silver  is  not  quite  so  larfe  as 
that  of  the  copper  ingot ;  upon  the  edges  of  the  copper,  vrhieh  aio 
not  covered  by  the  silver,  they  put  a  little  borax ;  and  evposlBg 
the  mhole  to  a  strong  heat,  the  borax  melts,  and  in  melttng  cmitiu 
butes  to  melt  that  part  of  the  silver  to  which  it  is  contignoiii,  and 
to  attach  it  in  that  melted  state  to  the  copper.  The  ingot,  with  it's 
silver  plate,  is  then  rolled  under  steel  rollers,  moved  hy  a  water 

wheel,  till  it  is  of  a  certain  thickness ;  it  is  afterwards  further 

'    til     ■    ■  . I.,    - 

*  Acad  des  Scico.  4  Paris,  1781  i  where  M.  Lavoisier  gives  an  iiseAil  nt- 
moir  on  the  comparative  excellencies  of  pit-coal,  coak,  virood,  add  charcoal,  as 
fuels. — II  sait  de  ces  experiences,  que  pour  prodoire  des  effets  ^ganZy  il  htH 
employer:  charbon  de  terre  MO  livret;  charbon  de  terre  charbonii^  5W| 
charbon  de  bois  m^I^  960 1  bois  de  h£tre  1 126 ;  bois  de  chene  1080. 

i  II  soffit  de  dire  qu'elle  pent  foornir  k  la  capitate  un  nouveau  cbauffiige,  de* 
Tcno  ndce^saire  dans  an  moment  ou  Ton  est  menac6  d'une  disette  de  bois{ 
qu'clle  pent  onvrir  dans  le  royaome  one  noaveile  braoce  de  coromerce ;  elaUir 
de  noQvelles  manufactures;  fuire  valoir  des  mines,  rest^es  jusqu*a  prisent  ino- 
tilcs.— L'Esprit  det  JowB.  JaiUet,  1785. 
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foIIhI  by  hand  roliert,  to  a  greater  or  lest  ettent,  according  to  the 
use  fur  M  Mch  it  if  iotended  ;  (he  IbiiiDesi  ii  applied  to  the  lining  of 
drinking  horiiB.  On«  ounc«  of  silver  is  often  rolled  oot  into  ■  sur- 
face of  aboat  tlirec  square  ff  el,  and  its  Ihicknesi  is  about  the  three 
thousandth  part  of  au  inch  i  and  hence  we  need  not  wonder  at 
llie  »i1  rer  being  soon  worn  off  from  (he  sharp  angles  of  plated  cop> 
per,  when  it  is  rolled  to  so  great  an  extent.  Plated  copper  has, 
of  l*Te  years,  berome  very  (ashionable  for  the  mouldings  of  coacites, 
and  for  the  buckles,  rings,  &-c.  of  horse  harness.  It  might  be 
used  very  adrantageously  in  kitchen  utensils,  by  those  who  dislike 
(he  use  of  tinned  cupptr,  and  cannot  afford  to  be  at  the  eipence  of 
liWer  saucepans,  &c.  The  silrer,  instead  of  being  rolled  on  the 
copper  to  to  great  a.  thinness  as  it  is  in  most  works,  might  be  left 
in  kitchen  furniture  considerably  thicker,  so  that  an  ounce  of  sil> 
ver  might  be  spread  ovf  r  one  square  foot ;  the  silver  coating  wonid 
in  this  case  IliU  be  rery  thin,  yet  it  would  last  a  long  lime.  Fire 
does  not  consume  silrer,  and  the  wa^tc  in  thickness,  which  a  piece 
of  pUte  anslains  from  being  in  constant  use  for  a  centnry,  is  not 
much  -,  as  may  be  collected  from  comparing  the  present  weight  of 
any  piece  of  college  plate,  which  has  been  daily  used,  with  tbe 
weight  it  had  an  hundred  years  ago. 
M"'  do  not  know  whether  any  attempt  has  ever  been  made  to  plate 
Sniper  with  tin  instead  of  silver  ;  1  am  aware  of  some  diflinilty, 
iRlllicb  might  attend  Ihe  operation;  but  yet  it  might,  I  think,  be 
pcrfortned  ;  and  if  it  could,  we  might  then  hare  copper  vessels 
cotered  with  a  coat  of  tin  of  any  required  thickness,  which  is  the 
great  deuderatom  in  the  present  mode  of  tinning; :  but  it  oagbt 
htmbe  remarked,  that  the  thicker  the  coat  of  tin  the  more  liable  it 
H^nld  be  to  be  melted  otT  the  copper  by  strong  fires, 
\'  The  art  of  plating  copper  has  not  been  long  practised  in  Eng. 
land;  nor  do  I  know  whether  it  was  practised  at  an  early  period 
in  any  other  country  ;  for  the  Roman  method  of  silr>-ring  copper 
waadiflerent,  I  think,  from  that  now  in  use.  Thomas  llolsorer 
of  Sheffield,  in  the  year  1743,  was  the  first  person  in  Eng. 
land  who  plated  copper  ;  it  was  applied  by  him  to  Ihe  purposes 
only  of  making  buttons  and  snoff.boxes:  soon  after  it  was  used 
for  various  other  works:  a  person  of  the  name  of  Hoyland,  at 
ShelEeld,  was  the  first  who  made  a  plated  candlestick. 

What  is  commonly  called  French  plate,  is  not  to  be  confounded 
,'  Vitfa  the  plated  copper  of  which  we  have  been  speaking ;  for  though 
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both  then  rabBtanoes  consist  of  copper  cofered  with  a  tliiii  coat  of 
real  ellTer,  yet  they  are  not  made  in  the  same  way.  In  maluiig 
French  plate,  copper,  or  more  oonimonfy  brass,  is  heated  to  a  cer- 
tain defpree,  and  siWer  leaf  is  applied  upon  the  lieated  metal,  to 
which  it  adheres  by  being  rabbed  with  a  proper  burnisher.  It  is 
evident,  that  the  durability  of  the  plating  must  depend  on  the  nimu 
ber  of  leaves  which  are  applied  on  the  same  quantity  of  surface* 
For  ornaments  which  are  not  much  used,  ten  leaves  may  be  suffici- 
ent ;  but  an  hundred  will  not  last  long,  witliont  betraying  the  me> 
tal  tliey  are  designed  to  cover,  if  they  be  exposed  to  much  hand- 
ling, or  frequently  washed.  After  the  same  manner  may  gold  kaf 
be  fiaed,  either  on  Iron  or  copper.  Gold  b  applied  on  silver,  by 
coating  a  silver  rod  with  gold  leaf;  and  the  rod  being  afterwards 
drawn  Into  wire,  the  gold  adheres  to  it;  the  smallest  proportkm 
of  gold,  allowed  by  act  of  parliament,  is  100  graina  to  6700 
grains  of  silver ;  and  the  best  double^^  wire  Is  said  to  have  about 
twenty  grains  more  of  gold  to  the  same  quantity  of  silvei*.  It 
has  been  calculated,  that  when  common  gilt  wire  is  flatted^  one 
grain  of  gold  b  stretched  on  the  flatted  wire  to  the  length  of  abofs 
401  feet,  to  a  surface  of  above  100  square  inches,  mad  to  ths 
thinness  of  the  492090th  part  of  an  indi*:  and  M*  do 
says,  that  a  grain  of  gold  may  be  extended  to  3900  foot^ 
ver  a  surface  of  more  than  1400  square  inches;  and  Chat  flio  Hick* 
ness  of  the  gold,  in  the  thinnest  parts  of  some  gilt  wlro,  did  sat 
exceed  the  fourteen  millionth  part  of  an  inchf  •  Tlie  goMy  wkiu 
thus  applied,  is  thinner  than  when  silver  b  gilt  In  Ao  Ibllowfaf 
manner,  which  b  yet  reckoned  one  of  the  cheapest  ways^  aad  b 
used  in  making  various  toys.  Gold  b  dissolved  Inrnquar^itf 
and  linen  rags  being  dipped  into  the  solution,  they  take  up 
particles  of  gold ;  the  rags  being  burned  to  ashes,  and  tiie 
being  rubbed  on  the  silver,  the  gold  adheres  to  it,  and  U  rendeicd 
vbible  by  being  well  burnished. 


•  Lewis  Com.  Phil.  p.  53.  f  Id.  60^ 
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eiLDINO  IN  OB  MOVLIT;  USI  OF  QDCESILTSE  TIT  BX- 
T&ACTINO  SOLD  AND  SILTB&  FROM  EAKTHS  ;  SXFB- 
SIMBNT8  or  BOERHAATK  OX  QOICK5ILVEB ',  SILTBB- 
INO  LOOEIN6-CLASSE5,  AKD  TBE  TIME  WBE:<  THAT 
AST  VAS  DISCOTSBED. 

1  tORS  U  anotlKr  mHbod  of  applying  gold  «i  copper  or  Aver, 
«Uck  b  moch  practiced ;  U  h  eaiyd pi^^im  Or  Momlm,  QBirt 
Ohn  disMlTC!  gold  with  great  tuiOtf  i  V  jmm  wprmi  ■  gM  ImC 
(not  wbat  U  utled  Dutt^  leai;  wMck  k  ^rf«  of  btiM)  m  tte 
fKlm  of  yoiir  band,  tod  pour  ■  SWe  qnckiilTeT  apoD  it,  foo  wiB 
aee  the  qvcksilTpr  absorbing  tbe  gold,  jut  m  water  absorbs 
into  its  ■■bstAQce  a  pie<-e  of  Mit  or  togar.  Ponons  wbo  hm 
takcfl  iMreiirial  preparatioai  iatemalty,  Mldon  fail  (a  obserre  the 
rouIiiMSi  witb  whicb  tbe  mercury  trin^odet  through  their  pores, 
•ttaciiing  itself  (o  the  gold  of  tbeir  watches,  ring*,  ^leefc-tntloas, 
or  cu-.rings,  and  renderiDg  them  of  a  while  colour.  A  piece  of 
(old,  of  the  thickness  erea  of  a  guiora,  being  mbbcd  with  qnick- 
■■ver,  it  Kioii  penetrated  by  it,  and  thereby  made  m  fra^le,  that 
Jt  may  be  broken  between  the  fingers  with  eate :  and  if  Bion 
fiickattvcr  be  added,  the  miilnre  will  became  a  kind  of  paste,  of 
different  degrees  of  coo sbtence  accordiag  to  the  qoantity  ofquick* 
lilTer  which  is  DSed.  A  piece  of  this  paste  ii  spread,  by  ways  well 
known  to  tfa«  artists,  npon  the  sorface  of  the  coiiper  which  is  to 
be  gilded  IB  or  nioulu,  and  the  metal  is  then  exposed  to  a  proper 
Aegrw  of  heat :  qDickHk^r  may  be  eTaporaled  in  a  far  less  degreo 
at  beat,  than  what  is  required  to  roett  either  golc*  or  copper; 
when  therefore  the  tnixture  uf  gold  and  quicktilter  ia  riposted  to 
Ae  action  of  fire,  Ibe  quicksitrer  i«  ilriren  off  in  TSpour ;  and  the 
gold,  not  being  susceptible  of  eva[/oration,  remain?  attached  to  the 
nufue  of  the  copper,  and  undfrzoiag  tbe  operations  of  burnish- 
ing, &c.  loo  minute  to  be  ile>cribed,  becomes  gilt.  This  m'ltiod 
of  gilding  copper,  by  ne&ns  of  quicksilver  and  gold. 
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to  the  Romans*.  QaicksiWer  will  not  unite  with  iron,  jet  by  an 
easj  operation,  iron  may  be  gilded  in  the  same  way  that  copper  Of 
silFer  may.  The  iron  is  first  to  be  made  bright,  and  then  immers. 
ed  in  a  solution  of  blue  Titriol,  its  surface  will  thereby  become 
coTered  with  a  thin  coat  of  copper,  and  it  will  then  admit  the  gild, 
ing  as  if  its  whole  substance  was  copper. 

It  Is  this  property  which  quickaiWer  has  of  unitiog  itself  with 
gold,  and  it  does  the  same  with  siher,  which  has  rendered  it  of 
such  great  use  to  the  Spaniards  in  America.     They  reduce  the 
earths  or  stones,  containing  gold  or  siWer  in  their  metallic  states, 
into  a  Tery  fine  powder;  they  mix  tbb  powder  with  quicksiWer ; 
and   the   quicksiWer,   hsYiog  the  quality  of  uniting  itself  with 
every  particle  of  these  precious  metals,  but  being  incapable  of  coo* 
tracting  any  union  with  any  particle  of  earth,  extracts  these  me- 
tals from  the  largest  portions  of  earth.    The  quicksiWer,  which 
has  absorbed  either  gold,  or  siWer,  or  a  mixture  of  both^  is  se- 
parated from  the  substance  it  has  absorbed  by  evaporatioii ;  the 
quicksiWer  flies  off  in  Tapour,  and  the  substance  remains  in  the 
Yessel  used  in  the  operation.    We  have  no  mines  of  mercoij  ia 
England  ;  Sir  John  Pettus,  indeed,  says,  that  a  little  cinnabar  is 
now  and  then  met  with  in  our  copper  mines ;  and  Mr.  Pmnsnt 
observes,  that  quicksiWer  has  been  found  in  its  native  state  •&  the 
mountains  of  Scotland;  and  I  have  been  shewn  a  piece  of.  day, 
said  to  have  been  dag  near  Berwick,  in  which  tliere  were  aooM 
mercurial  globules :  but  there  are  no  works  at  present,  wkeie 
mercury  is  procured  in  any  part  of  Great  Britain  ;  nor  are  them 
many  mines  of  mercury  in  any  part  of  the  world.    In  the  PhilosOta 
phical  Transactions  for  1665,  we  have  an  account  of  the  qiiiduD* 
ver  mines  of  Idria,  a  town  situated  in  the  country  ancientlj  called 
Forum  JuUi,  now  Padria  de  Friouli,  subject  to  the  regency,  and 
included  in  the  circles  of  the  lower  Austria,  in  Germany.     These 
mines  have  been  constantly  wrought  for  above  280  years,  and  are 
thought,  one  year  with  another,  to  yield  above  one  hundred  tons  of 
quicksilver.     In  Hungary  also,  there  are  mines  which  yield  quick* 
silver,  bnt  not  so  copiously  now  as  formerly.    Alonso  Barba  iBea- 


•  JEs  inaurari  argento  vivo,  ant  certe  bydrargyro,  Icgititom  cfat.  Plin.  Hbt 
Nat.  XXXI II.  Pliay  onderstood  by  argeoCum  Tivam,  ottive  quicksihrco 
which  is  fooDd  in  a  fluid  tiate  In  many  mines ;  and  by  hydrargymm  he  undef^ 
stood  qniclulWer  sepaimled  from  its  Me  by  fire  i  they  are  the  nme  sobitaBce* 
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lion*  $oiB«  4)uick«il««r  iBiii«i  in  America,  nor  Pntast*,  vUeh,  W 
iBj«,  God  Almightj-  proTit)«d  lo  snpplx  tbe  Ims  of  Ika  ■isenl, 
■  bich  U  veiy  conridmble  ia  eitnciing  Ibe  tilTcr  Its*  the  eortte 
lad  (tones  with  which  it  is  mixed  :  hot  the  mines  of  Atandea  ia 
tpun  are  ibe  richest,  and  probably  hare  been  wroagbt  Car  tbi 
ongeM  time  of  uij  in  the  world.  Pliny  spealu  of  the  ■-■"iwnfcai 
rUch  llie  Romans,  with  so  much  jealousy,  ■aniully  fetched  froM 
iyaio,  and  it  is  very  probable  that  they  had  it  from  Aliotdea.  H. 
Itutieti  informs  as  t,  that  in  1717  there  remained  abore  I20O  tons 
>f  quicksilver  in  the  magazines  at  Almadea,  after  a  great  deal  had 
((•n  sent  lo  Serille  in  order  to  be  exported  to  Pern,  where  the 
jBicksilrer,  which  is  lost  in  eitractiog  the  siUer,  is  said  to  be  at 
east  equal  in  weight  to  (he  siUer  which  is  ezlracted.  From  157-1, 
■hcB  they  began  lo  register  the  quicksiher,  which  came  to  Potosi 
ipo«  the  king  of  Spain's  account,  to  the  year  IS40,  there  had 
wen  receired,  according  to  Alonso  Barba,  204,600  qaiotaJs,  be- 
ides  a  vast  quantity  irregularly  bronght  in  upon  other  acconnts. 
This  ap^cation  of  quicksilrer  to  the  eitraction  of  gold  and  silver 
rom  the  earths  in  which  (hey  are  foand,  has  rendered  (he  ooo. 
umption  of  it  far  more  considerable  since  the  discovery  of  the 
^tnerican  mines,  than  i(  was  amongst  (he  ancients.  HoQaaB 
omi  a  calcniation,  and  concludes,  that  fifty  times  as  mgch  gold 
s  qnickailver  was  annually  extracted  from  the  bowels  of  the  earth  : 
'ruaer^  admits  the  (ruth  of  this  calculation,  but  insinuates  a 
iU[ncion  worth  attending  to — that  mercury  may  often  exist  in  mi. 
erala,  aitd  yet  not  be  discovered  by  miners  ;  since  in  the  open  fires 
I  which  minerah,  whose  properties  are  not  known,  are  nsoally 
xamiaed,  the  mercury  would  fly  olT  in  fonie.  Earths  or  mine. 
alsof  any  kind,  containing  mercury,  are  most  accurately  assayed 
y  dictn  ling  them  with  iron  filings;  but  whether  a  mineral  con- 
lins  mercory  or  not,  may  be  easily  discovered,  by  strewing  it 
'hen  powdered,  on  a  plate  of  hot  iron,  or  on  a  hot  brick  covered 
rith  iron  filings,  and  inverting  over  it  a  glass  of  any  kind ;  the 
lercary,  if  the  mineral  contains  any,  will  ascend,  and  attach  it. 
■If  in  small  globules  to  the  aide  of  the  glass.  Mercury  is  divided, 
ytiie  writers  of  systems  of  mineralogy,  into  native  mercury,  and 
lercnry  mineralized  by  sulphur :  native  mercury  is  found  ia  its 

*  TreatlieonMelale,  &c.  byAloii«oB*rt»a.  Eng.  Irani,  p.  118. 

L  ie  ?AcuL  dcB  SclcQi  1719-     t  An  Dwin.  Cnin.  Vol.  I.  p.  131. 
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innniog  state,  aod  quite  pore^  as  it  is  said  (thovgb  tUa  nuqr  Iff 
doubted,  from  tlie  hkciiity  witli  which  mercury  dissolves  gold^  aid 
siber,  and  other  aetals),  in  tin  mines  of  Idria,  Almaden,  kc  • 
it  is  more  frequently,  howeffer^  imbedded  in  calcareous  eartlis,  or 
days  of  different  colours,  from  wliich  it  may  be  separated  either 
by  trituration  and  lotion,  the  smaller  globules  coalescing  by  ma. 
tual  contact  into  larger ;  or  by  dis^lation.    The  running  natiii 
mercury,  wliich  requires  no  process  for  its  extraction  is  UMre  ef» 
teemed,  and  thought  to  hare  some  peculiar  properties  iMdk  da 
not  belong  to  that  obtabed  by  simple  distillation,  though  they  bofli 
come  under  the  denominatioo  of  rirgin  mercury.    Mereary 
ralised  by  sulphur,  is  called  dunabar,  which  some  say  ia  an 
can  word  denoting  the  blood  of  a  dragon  *•    Cinnabar  ia  the 
common  ore  of  mercury ;  it  is  found  in  an  earthy  form  rtaemhling 
red  ochre,  sometiuMS  in  an  indurated  state,  and^  though  gSM* 
rally  red,  it  hath  been  observed  of  a  yellowish  or  blackish  out; 
it  is  mostly  opaque,  but  some  pieces  are  as  transparent  as  a  rahy. 
This  ore  consists  of  nwrcury  and  sulphur  combined  together  ia 
difierent  proportions ;  some  cinoabars  yielding  as  far  aa  sem, 
others  not  three  parts  in  eight  of  their  weight  of  mercury.  Sulphur 
and  mercury,  being  both  volatile  in  a  small  degree  of  heat^  woald 
rise  together  in  dbtillation,  unless  some  substance,  such  as  quick* 
lime  or  iron  filings,  was  added  to  the  cinnabar,  which  by  its  supe- 
rior affinity,  unites  itself  with  and  detains  the  sulphur :  whilst  ths 
mercury,  not  being  able  to  support  the  heat,  is  elevated  in  vapoar, 
and  condensed  in  various  ways  in  different  works.     It  iamelipfi 
happens,  that  the  coarser  dnnabarine  ores  are  so  mneh-m^ud 
with  calcareous  earth,  that  they  require  no  addition  in  order  to  cf* 
feet  the  separation  of  mercury  from  sulphur ;  this  is  the  case  ia 
the  mines  of  Almadeu.    The  finer  kinds  of  cinnabar^  brariug  i 
much  higher  price  than  mercury  itself,  are  never  wroqght  Ibr  me^ 
cnry,  but  either  used  in  medidne,  or,  when  levigated,  under  the 
name  of  vermilion,  in  painting ;  aod  often  by  the  women  aa  a  nb» 
stitute  for  carmine,  which  is  prepared  from  cochineaU    Natire 
dnnabars  are  often  mixed  with  small  portions  of  arsenical^  vitriolic^ 
or  earthy  substances,   whence  they  become  of  uncertain  or  daa* 
gerous  efficacy  in  medicine ;  for  this  reason  Oeoffroy  reconuaendi 
the  use  of  factitious  dunabar ;  and  the  native,  though  formerly  |n 
great  repute,  Ims  been  left  out  of  modem  dispensatories.    Tbe 
finest  cinnabar  we  Iraow  of  is  brought  from  Japan,  thooi^  there 

•  VUmontde  Bemare. 
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H  gtttt  reason  to  believe  tlint  the  Dutch  impose  upon   the  vnrld  a 
e  manuraclure,  under  the  nwne  of  Japan  cinnabar  :  the  trade 
I  4br  gold,  copper,  am!  cionebiir,  to  Japan  is  exceedingly  lucrative, 
1  I  betieic  trholiy,  a;  to  Kurope,  in  (he  hands  of  the  Dutch. 
Those  who  arc  acquainted  wilh  the  dilGcuIty  of  making  chemi- 
aX  eiperiments,  trill  admire  the  grent  patience  and  industry  with 
which  Boerhaare  investigated  the  nature  of  mercury.     He  wai  in- 
dnced  to  undertake  this  task,  from  a  desire  of  Terifying  or  refut. 
ing  the  doctrines  of  the  alchemists.     These  adepts  had  taught,  that 
mercury  was  the  mafter  of  which  all  metals  consisted  ;  and  that  if 
it  could  be  cleansed  from  some  original  impurities,  with  which, 
ef«n  in  its  rirgln  state,  they  held  it  to  be  polluted,  it  would  then 
become  6t  nutriment  for  the  seed  of  erery  metallic  subMance;  for, 
according  to  them,  erery  metal  sprung  from  its  peculiar  seed, 
bich,  when  it  met  with  its  proper  pabulum,  in  a  proper  matrix, 
i  with  a  due  fostering  heat,  by  a  Tivifying  principle  ranlti- 
Mied  itielf,  and  received  an  augmentation  of  parts,  in  a  manner 
milar  to  that  by  which  plants  and  animals  are  dilated  in  their  Ah 
The  investigation  of  nature  is  infinite  ;  every  age  add« 
'vbat  to  the  common  ^tock,  which  renders  the  labours  of  pre- 
ing  iges  wholly  useless.     We  qo  longer  trouble  ourselves  with 
e  works  of  the  alchemists  which  remain,  nor  do  we  regret  such 
r  tbem  as  have  been  devoured  by  time,  or  were  burned  by  the 
r  of  Diocletian ;  nay,  even  the  Herculean  labours  of  Boer* 
MTe  are  become  less  interesting  to  us,  and  probably  never  would 
tave  been  undertaken  by  him,  had  he  been  aware,  that  mercury 
WOt>ld>  in  a  proper  degree  of  cold,  become,  like  other  metals,  solid 
lod  malleable.     In  the  Transactions  of  our  Royal  Society,  for  the 
year  1733,  we  meet  with  Boerhaave's  first  dissertation  upon  mer- 
cury :  his  first  experiments  respect  the  change  which  the  purest 
mercury  nnder;;aes  from   continual    agitation ;  he   included  two 
ounces,   which  had  been  distilled  above  sixty  times,  in  a  clean 
■  ibottle,   and  fastening  the  bottle  to  the  hammer  of  a  fulling  mill 
hrluth  was  almost  constantly  ^ing,  found  in  about  eight  months 
!  above  one  eighth  of  the  lluid,  splendid,  insipid  mercury, 
aig^  into  a  black  powder,  of  an  acrid  brassy  taste.     Me  next 
etted  toercory  in  a  gentle  heat,  ( 180^  of  Fahrenheit's  thermo- 
,  and  found  it,  in  a  few  months,  changed  into  a  powder,  si. 
Itlar  to  wliat  had  been  produced  by  agitation  :  both  these  pow- 
I  ia  ft  greatei  degree  of  beat  were  lerif  ified,  or  became  rui^ 
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nmc  nercnry  again.  He  tkeo  inquired  into  the  change  which  re» 
peated  distillatioa  coold  produce ;  after  each  operation  he  found  a 
red  acrid  powder  remaining  in  the  retort ;  and  he  obsenrei,  that 
this  powder  was  as  copiously  separated,  after  the  mercury  had 
been  abore  500  times  distilled,  as  at  first ;  and  thence  reasoaablj 
concludes,  that  it  ought  rather  to  be  attributed  to  a  change  of  the 
mercury  itself,  than  to  any  impurity  contained  in  it.  This  pow* 
der,  like  the  preceding,  by  a  superior  degree  of  heat  became  run- 
ning mercury ;  except  about  a  se? enty*second  part,  which,  though 
fixed  in  a  strong  fire,  and  vitrifiable  with  borax,  could  not  sup- 
port the  action  of  lead,  but  Tanished  entirely,  leaving  no  signs  ef 
any  metallic  subatance  upon  the  cupel ;  this  shews  the  little  pro* 
bability  of  cont erting  mercury  into  gold  or  silver  by  the  action  of 
a  Tiolent  fire.  In  the  following  year  he  presented  a  memoir  to  tlM 
Royal  Academy  of  Sciences,  at  Piiris,  upon  the  same  subject.  We 
there  learn,  that  mercury,  kept  in  digestion  for  fifteen  yearty  with 
a  constant  heat  of  100^,  was  not  fixed,  nor  any  how  chang^,  Om 
cept  that  a  little  black  powder  (which  by  simple  grinding  ia  a 
mortar  became  running  mercury)  was  found  floating  upoa  its  sur> 
face.  Hence  is  inferred,  the  impossibility  of  mercury's  bsiag 
changed  in  the  bowels  of  the  earth  into  any  other  metal,  the  heat 
in  mines  scarcely  erer  amounting  to  100^.  Though  it  might  be 
impossible  to  change  mercury  into  a  metal,  yet  the  philoeophers  by 
fire  contended,  that  mercury,  united  to  a  particular  kind  of  sulr 
{Aur,  entered  into  the  composition  of  all  metals,  and  might 
by  art  be  extracted  from  them ;  lead  was  of  all  others  thou^  the 
most  likely,  and  the  experiment  had  been  reported  to  succeed  by 
Van  Helmont,  and  others ;  but  Boerhaaye  is  positive,  dmt  nothiaf 
can  be  expected  from  its  combination  with  salts,  and  lend,  or  tin* 
It  was  still  thought  by  the  alchemists,  that  mercury  could  nerer  be 
freed  from  its  original  impurity,  but  by  being  joined  to  some  pure 
body  of  the  same  nature  with  itself :  this  they  thought  gold  and 
siiTer  to  be.  Boerhaaye,  in  order  fully  to  subvert  their  high  pre. 
tensbns,  gave  in,  to  the  Royal  Society,  another  paper,  in  the  latter 
end  of  the  year  1736,  containing  an  account  of  the  onchangeabk 
ness  both  of  mercury  and  gold,  how  often  soerer  they  were  dia> 
tilled  together.  He  repeated  the  distillation  of  mercury  from  goU 
above  860  times ;  the  mercury  was  not  in  any  reapeet  changed; 
its  specific  gravity  was  the  same  aa  at  first,  nor  had  it  lost  tiie  pio- 
perty  of  being  converted  into  a  red  powder  by  a  due  degree  ^ 
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We.  Tlwse  were  all  the  tracts  vluck  wn^  puMHVfd  dmna^  ^e 
life-time  of  Boerkaaie ;  be  died  io  S  ptcaibi-r,  17K«  aod  le  t  Us 
papers  to  his  two  brotiiers  so  J  aftt-r  tiieir  deatlu  thfj  i^'A  -oto  tiie 
bands  of  Cbaries  Frederic  Kmc,  pbrsidan  to  tbe  Eap«ess  of 
Russia ;  this  g«>ntlemao  barb  poMMhed  a  short  extract  fros  Boer, 
baave's  Diary,  and  pra«nii«>s  a  fo!lt*r  accoant  of  still  Korr  labc* 
rioas  opt^rations.  We  learn  f.om  this  extract  %  (iut  BorHuaTt 
b«d  di<»tillKl  the  same  raercurj  1X)9  lines,  and  iU  »pecidc  gravity 
was  to  that  of  water,  as  13  -prW  ^  >  ;  whilst  that  which  had  bees 
bnt  ooce  distillf*d  wa9  as  13  -fj^  to  1 ;  a  didV-renre  whi  h  aaj  ea. 
silj  be  attributed  to  ibe  diierent  temperatarps  of  the  air  «beii  iha 
ttperiments  were  made,  or  to  other  accidenul  ctrciUB^tsoces, 
which  the  accutacj  of  Gravesande,  with  whoan  be  aade  the  expe* 
riaf-nt,  could  not  provide  ai^ainst. 

The  mixture  of  quicksiUpr  with  gold,  or  silrer,  or  lead,  or  dm^ 
•r  copper,  or  any  metallic  substance  with  which  it  is  capable  of 
uhlng,  is  called  an  amalgam  ;  and  tbe  operation  by  which  tha 
WiioB  b  effected,  is  called  amalgamaiion.  Authors  are  boC  agreed 
as  to  the  deriTation  of  the  word  amalgam ;  some  think  that  it  is 
composed  of  two  Greek  words,  (auia  yoftciy),  by  which  the  iotL 
asato  mnoa,  or  marriage,  as  it  were,  of  the  two  metals  is  denoted  ; 
•then  are  of  opinion,  that  it  ought  to  be  written  a  miUagmaj  and 
ftat  it  u  derived  from  a  Greek  word  (futXaur^'u)  signifying  to 
SoDten,  inasnach  as  the  metal,  be  it  what  it  may,  is  always  soft, 
•acd  by  its  union  with  tbe  mercury.  An  amalgam,  made  of  four 
parts  of  tin  and  one  of  quicksilver,  in  the  form  of  a  ball,  is  used  by 
SOBM  voder  the  pretence  of  purifying  water ;  it  cannot,  I  think, 
contribute  in  any  manner  to  that  end  ;  but  as  the  ball  is  always 
boiled  in  the  water,  the  seeds  of  regetables,  or  the  fish  spawn,  or 
tta  animalcules,  &c.  with  which  water  is  often  polluted,  may  bo 
precipitated  by  the  action  of  boiling.  But  there  is  another  pur- 
pose to  which  a  mixture  of  tin  and  quicksiWer  is  applied  with  great 
atflity— the  siUering  of  looking-glasses. 

Tin  may  be  beat  out  into  leaves  not  thicker  than  paper,  called 
fbito  ;  on  tin-foil,  fitly  disposed  on  a  flat  table,  quicksilver  is 
pound,  and  gently  nibbed  with  a  hare's  foot ;  it  soon  unites  itself 
with  the  tin,  which  then  becomes  very  splendid,  or,  as  the  work- 
say.  Is  quickened :  a  plate  of  glass  is  then  cautiously  slid 

I  ■  

•  Novi  CoBmeo.  Petrop.  toai.  ii. 
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upon  the  tin  leaf,  in  such  a  manner  as  to  sweep  off  the  redandairt 
quicksilver,  which  is  not  incorporated  with  the  tin  ;  leaden  weights 
are  then  placed  on  the  glass ;  and  in  a  little  time  the  quicksilvered 
tin -foil  adheres  so  firmly  to  the  glass,  that  the  weights  maj  be  re« 
moved  without  any  danger  of  its  falling  off.  The  glass  thus  sil« 
vered  is  a  common  looking-glass.  About  two  ounces  of  quicksilver 
are  sufficient  for  covering  three  square  feet  of  glass. 

It  is  generally  believed,  that  the  art  of  making  looking-glasses, 
by  applying  to  their  back  surface  a  metallic  covering,  is  a  very 
modern  invention.  Muratori  expressly  says,  that  glass  speculmj 
such  he  means  as  are  now  in  use,  are  not  of  any  great  antiquity.— 
Serae  autem  antiquitati  novimus  fuisse  specula^  quorum  usus  non- 
quam  desiit ;  sed  corum  fabricam  apud  Italos  unice  forsan  Yeneti 
per  tempora  multa  servarunt  et  adhuc  servant :  quae  tamen  alio 
translata  nunc  in  aliis  quoque  regnis  floret*. — The  authors  of  the 
French  Encyclopedief  have  adopted  the  same  opinion,  and  quoted 
a  Memoir,  printed  in  the  twenty.third  volume  of  the  Academy  of 
Inscriptions,  &c. — II  est  d*autant  plus  etonnant  que  les  ancien 
n'aient  pas  connu  Tart  de  rend  re  le  verre  propre  4  conserver  la  it. 
presentation  des  objets,  en  appliquant  Tetain  derriere  les  glaces, 
que  les  progres  de  la  decouverte  du  verre  furent,  chez  eux,  povss^ 
fort  loin. — Mr.  Nixon,  in  speaking  of  the  glass  specula  of  tiw 
ancients,  says,  '^  before  tlie  application  of  quicksilver,  in  the  coa« 
stroction  of  these  glasses,  (which  I  presume  is  of  no  great  anii* 
qaity),  the  reflection  of  images  by  such  specula  must  have  been 
effected  by  their  being  besmeared  behind,  or  tinged  through  with 
some  dark  colour,  especially  black:!:."  I  have  bestowed  more  time 
in  searching  out  the  age  in  which  the  applying  a  metallic  covering 
to  one  side  of  a  looking-glass  was  introduced,  than  the  sul]9ect,  ia 
the  estimation  of  many,  will  seem  to  deserve ;  and,  indeed,  more 
than  it  deserved  in  my  own  estimation  :  but  the  difficiUs  nugm, 
the  stuUus  labor  ineptiarumy  when  once  the  mind  gets  entangled 
with  them,  cannot  be  easily  abandoned  :  one  feels,  moreover,  a 
singular  reluctance  in  giving  up  an  unsuccessful  pursuit.  The 
reader  would  pardon  the  introduction  of  this  reflection,  if  he  knew 
how  many  musty  volumes  I  turned  over,  before  I  could  meet  with 
any  information  which  could  satisfy  me,  in  any  degree,  on  thissafo- 


•  Muratori  Arllq.  toI.  ii.  p.  S9.\  +  Art.  Mlnrir. 

t  Pbil.  Trans.  1758.  p.  60^.. 
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jed;  I  am  not  jet qaite ntis6fd ;  tiMMsk  I  lake  Ae IfteHr  to  aar, 
ia  oppositioa  to  Maniori,  and  the  other  lesprctabSe  aathonties 
which  I  haTe  qaoted,  that  the  appljiof  a  BKialhc  corefinjr  to  !oolu 
iag.gUsses  is  aot  a  modern  infeotioo  ;  it  is  probable  it  was  ksDva 
In  the  first  ceatorj ,  if  oot  sooner ;  and  it  is  certain,  I  appreheni, 
that  it  was  known  in  the  second. 

The  Romans,  before  the  time  of  die  joenger  Plinr,  not  onlr 
tued  glass,  instead  of  gold  and  Mirer,  for  drinking  Tessels,  boc 
they  knew  how  to  glaae  their  windows  with  it,  and  thej  fixed  it  in 
the  walls  of  their  rooms  to  render  their  apartments  more  pleasant. 
Now  a  piece  of  flat  glass,  fixed  in  the  side  of  a  room,  is  a  H>rt  of 
looking-glass,  and  if  the  stucco  into  which  it  is  fixed  be  of  a  dark 
colour,  it  will  not  be  a  rerj  bad  one.  And  beace  I  think  the 
Romans  could  not  fail  of  haying  a  sort  of  glass  specola  in  use  : 
but  this,  though  admitted,  does  not  come  up  to  the  point ;  the 
question  is,  whether  thej  covered  the  posterior  surface  of  the  glass 
with  a  metallic  plate  ?  It  has  been  observed  before,  that  the  Ro. 
■MUM  knew  how  to  make  a  paste  of  gold  and  quicksilver ;  and  it 
•ppctn  from  Plinj  also,  that  they  knew  how  to  beat  gold  into  thia 
leaves,  and  to  apply  it  in  that  state  both  on  wood  and  metal :  now 
iftereit  a  passage  in  Pliny,  from  whence  it  may  be  collected,  that 
the  Romans  began  in  his  time  to  apply  a  coat  of  metal  to  glass 
specula,  and  that  this  coat  was  of  gold.  The  passage  occurs  in 
the  very  place  where  Pliny  professes  to  finish  all  he  had  to  observe 
coooerning  specula*.  An  opinion,  says  he,  has  lately  been  enter- 
tained, that  the  application  of  gold  to  the  back  part  of  a  speculum, 
renders  the  image  belter  defined.  It  is  hardly  possible  that  any 
one  should  be  of  opinion,  that  a  plate  of  gold  pat  behind  a  metallic 
apecnloB,  could  have  any  effect  in  improving  the  reflected  image  ; 
fcnt  supposing  Pliny  (whose  transitions  in  writing  are  often  abrupt) 
io  have  passed  from  the  mention  of  metallic  to  that  of  glass  specula, 
then  the  propriety  of  the  observation  relative  to  the  improved  state 
of  the  image  is  very  obvious.  If  we  suppose  the  Homans,  in 
Pliny's  age,  to  ha?e  simply  applied  some  black  substance  to  the 
back  surface  of  the  glass,  or  even  to  hiive  known  how  to  put  tin 
behind  it,  yet  the  obserralion  of  the  image  being  rendered  more 

♦  Atque  ut  omnia  de  spcculis  pera^ntur  hoc  loco — Optima  apud  nu^jorci 
fiKimot  Bniodusioa  sUnuo  ct  sre  mixta.  Pnelata  sunt  argentea.  Primus 
Ibcit  Praxiteles,  ma^ni  Pompeii  state.  Nupcr  credi  cccptora  ccrtiorem  ima- 
ginem  rcddi  auro  apposite  avenis.     Hist.  Nat.  1.  zxxiii.  s.  zW« 
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distinct  by  meant  of  gold,  might  have  beea  made  with  more  jasticf 
than  is  generally  supposed  ;  for  Buffon  U  of  opinion,  that  a  look* 
iiig-glass  made  with  a  covering  of  gold  and  quicksilrer,  would  re. 
fleet  more  light  than  one  made  in  the  ordinary  way  with  tin  and 
quicksilf er  * ;  and  hence  Pliny's  expression,  eerlierem  imaginem 
reddi  auto  apposiio  aver  sis  j  will  be  accurately  true. 

Alexander  Aphrodiseus  flourished  towards  the  end  of  the  second 
century;  he  wrote  several  works  in  Greek,  and  among  the  rest 
two  books  of  Problems ;  one  of  his  problems  is  thi^f  z 

Aia,  n  fa,  veXiva  xar^l^a  XAULTtsci  aydbf  \ 
Why  are  glass  specula  vi  werj  resplendent  ? 

The  only  part  of  the  answer  which  we  are  concerned  with,  is, 

Because  they  besmear  the  inside  of  them  with  tin. 

The  Greek  word  which  I  have  here  rendered  besmear,  does  net 
clearly  point  out  the  manner  in  which  (be  operation  of  fixing  the 
tin  upon  the  glass  was  performed.  Pliny  uses  a  Latin  word 
(illiium)  of  exactly  the  same  Import  as  this  Greek  one,  when  ha 
speaks  of  copper  vessels  being  tinned ;  and  as  in  that  operatioB| 
tin  is  melted  and  spread  orer  the  surface  of  the  copper,  I  see  no 
difficulty  in  supposing,  that  the  tin  may  hare  been,  in  the  time  of 
Alexander  Aphrodiseus,  melted  and  spread  oyer  the  surface  of  te 
glass,  when  pre? ioualy  heated. 

Having  carried  up  the  inrention  of  corering  glass  specula  with  a 
metallic  coating  to  the  second  century,  we  may  be  the  more  ready 
to  admit  that  the  Sydonians  possessed  this  art,  before  Pliny  wrote 
his  Natural  History  :  for  in  that  work  he  not  only  praises  them  for 
their  former  ingenuity  in  various  glass  manufactures,  but  he  adds— 
and  they  had  invented  specula  also^. — Now  there  is  some  reasot 

*  On  poarroit  trouver  le  moyeD  de  fairc  an  meilleur  ^tamaget  et  je  croli 
qa*on  parviendroit  en  eoiployaot  de  Tor  et  do  vifargent. — Hist.  Nat.  BvflToa. 
Snp.  torn.  i.  p.  451. 

f  AABSANAPOT  AePOAIXSaz  urrpuM  »wf9fA»rm  »uu  ^v^mm  wftCkwfuirm% 
Parisiii,  1M1>— If  there  be  any  doubt  concerning  the  authenticity  of  these  pra- 
blems,  I  leave  it  to  be  discussed  by  the  crilic<>. 

^  Aliiid  (vitrum)  flatn  flgnratoi,  aliud  tomo  teritor,  altod  argeati  mode 
cKlamr,  Sydone  qaondam  iii  oficiait  nobtll,  siquideia  etiam  specala  ezcofiCa» 
verat.— 'Hist.  Nat.  1.  xzzvl. 
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to  think,  tkmt  if  the  Sjdonitos  bad  onlj^  ioTrated  the  art  of  mamg 
a  flat  pieoe  of  glass  as  a  specukm,  wkhoat  kaowiof  how  to  give  it 
a  metallic  coating,  on  which  its  excellency  chiefly  depends,  thej 
would  not  have  merited  the  meotion  which  Plinj  makes  of  them  ; 
lor  their  looking-glasses  ronst  haTe  been  inferior  to  the  metallic 
mirrors  then  in  use  at  Rome.  There  seems  to  be  b«t  one  objcc 
tion  of  any  consequence  to  this  conclusion : — bad  the  method  of 
giving  a  metallic  covering  to  plates  of  glass  been  known  at  least  to 
the  Romans,  (for  it  might  have  been  known  in  Asia  long  before  it 
was  known  in  Italy),  it  seems  probable,  that  the  metallic  specula 
would  hare  fallen  into  general  disuse,  much  sooner  than  there  is 
cause  to  think  they  did,  for  it  would  have  been  much  easier  to 
make  a  looking-glass,  than  to  polish  a  metallic  mirror ;  and  tho 
image  from  the  glass  would  have  been  superior  to  that  from  tho 
metal,  and  on  both  accounts  the  mirrors  would  have  become  on^ 
fiishionable* 

Tlie  first  mode  of  fixing  a  coat  of  tin  on  a  looking.glass,  I  sus» 
pect  to  have  beenthat  of   pouring  the  melted  metal  on  the  glass; 
and  1  have  some  reason,  not  now  to  be  insisted  on,  to  think,  that 
thb  mode  was  not  disused  in  the  fourteenth  century. — Baptista 
Porta  lived  in  the  fifteenth,  and  died  towards  tlie  beginning  of  tho 
sixteenth  century  ;  he  gives  us  a  very  accurate  description*  of  tho 
manner  in  which  looking-glasses  were  then  silvered ;  it  differs  from 
that  now  in  use  only  in  this,  that  the  tin.foil,  when  silvered,  was 
taken  up  and  gt^ntly  drawn  upon  the  glass.     J.  Maurice  Hofiroaa 
pnblbhed  his  Acta  Laboratorii  Chemici,  in  1719  ;  he  there  speaks  f 
of  a  mixture. of  one  part  of  tin  with  three  of  quicksilver,  which 
some  time  ago,  he  says,  was  usually  applied  to  the  back  surfaces  of 
looking-glasses  ;  although  the  Venetians  did  then  make  looking, 
glasses  by  pouring  quicksilver  upon  tiq.foil  placed  on  the  back 
surface  of  the  glass. — This  mode  of  silvering  the  glass  was  not  then 
invented  by  the  Venetians,  as  appears  from  what  Baptista  Poria 
had  advanced  above  two  hundred  years  before  ;  though  the  modo 
of  silrering  the  tin.foil,  when  laid  upon  the  glass,  was  an  improve* 
ment  on  that  prescribed  by  Baptista  Porta,  just  as  the  mode  now 
in  use  is  a  great  improvement  on  that  practised  by  the  Venetians 
in  the  time  of  Hoffman. 

The  men  who  are  employed  in  silvering  looking-glasses  often 
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become  paralytic,  as  is  the  case  also  with  those  w1k>  work  in  quick- 
silver mines ;  this  is  not  to  be  wondered  at,  if  we  may  credit  Mr. 
Bojie,  who  assures  us  that  mercury  has  been  several  times  foand 
in  the  heads  of  artificers  exposed  to  its  fumrs*.     In  the  Philoso« 
phical  Transactions f,  there  is  an  account  of  a  man,  who  haTiag 
ceased  working  in  quicksilver  for  six  months,  had  his  body  still  so 
impregnated  with  it,  that  by  putting  a  piece  of  copper  into  his 
mouth,  or  rubbing  it  with  his  hands,  it  instantly  acquired  a  silver 
colour.     This,  though  a  surprising,  is  not  a  fact  of  a  singular  na- 
ture ;  it  is  well  known  that  sulphur,  taken  inwardly,  will  blacken 
silver  which  is  carried  in  the  pocket ;  and  1  have  somewhere  read 
of  a  roan  whose  keys  were  rusted  in  his  pocket ;  from  his  having 
taken,  for  a  long  time,  large  quantities  of  diluted  acid  of  vitriol. 
I  remember  having  seen,  at  Birmingham,  a  very  stout  man  rea. 
dered  paralytic  in  the  space  of  six  months,  by  being  employed  in 
fixing  an  amalgam  of  gold  and  quicksilver  on  copper ;  he  stood 
before  the  mouth  of  a  small  oven  strongly  heated  ;  the  mercury  was 
converted  into  vapour,  and  that  vapour  was  inhaled  by  him.     A 
kind  of  chimney,  I  believe,  has  of  late  been  opened  at  the  farther 
side  of  the  oven,  into  which  the  mercurial  vapour  is  driven,  and 
the  health  of  the  operator  is  attended  to.     The  person  I  saw  wu 
very  sensible  of  the  cause  of  his  disorder,  but  had  not  courage  to 
withstand  the  temptation  of  high  wages,  which  enabled  him  to  con« 
tinoe  in  a  state  of  intoxication  for  three  days  in  the  week,  instead 
of|  what  is  the  usual  practice,  two. 

IBishop  JVation. 


CHAP.  VI. 

METALLIC  PLANTS,  OR  TREES. 

ijEPORE  we  quit  the  very  curious  and  interesting  subject  of  metals, 
we  may  observe  that  many  of  these  substances  when  minutely  dis- 
solved in  a  menstruum,  and  treated  with  a  third  substance  that  se- 
parates them  wholly  or  in  part  from  the  fluid  in  which  thej  are 
thus  contained,  crystallize  into  the  appearances  of  very  beautiful 
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trees  or  plants,  which  are  still  asoally  known  by  the 
oi  arbor i  ;  as  the  arbor  Dianm*  or  siitsk-teee  ;  arbor  Mariis^ 
or  laoM.TREE;  and  arbor  Plumbij  or  lead.tkee.  These  expe- 
riments are  simple  as  well  as  cqHaqs  and  enlert«inin|:.  nod  we 
shall,  therefore,  subjoin  the  following  as  the  easiest  processes  for 
working  them. 

Silver  Tree, — Arbor  Dianm. 

In  this  experiment  the  hranches  and  fignre  pf  a  tree  are  repre* 
sented  by  an  amalgam  of  silTer  and  mercury,  which  appear  to  T^e« 
fate  in  a  Ter^  bc-autiful  manner.  To  obtain  it,  one  piirt  of  silTer, 
dissolTed  in  nitrous  acid  to  saturation,  is  mixed  with  twenty  parts 
of  dean  water,  and  poured  upon  two  parts  of  mercnry.  When 
left  standing  quietly,  the  desired  cr}stallization  wDl  take  place 
after  some  time.  A  cylindrical  glau  vessel  is  best  suited  for  the 
purpose ;  and  that  the  process  may  succeed,  it  is  necessary  that  the 
ingredients  be  in  their  utmost  purity. 

Iron  Tree* — Arbor  MariU, 

An  apparent  vegetation  of  iron,  resembling  a  naitural  plant.  It 
is  formed  by  dissolving  iron  filings  hi  diluted  nitric  acid,  and  adding 
to  the  solution  a  quantity  of  carbonate  of  potash  in  a  deliquescent 
state,  or  what  was  formerly  called  oil  of  tartar  per  deliqninm.  The 
mixture  swells  considerably,  and  is  no  sooner  at  rest  than  the 
branches  spring  out  on  the  surface  of  the  glass. 

Lead  Tree. — Arbor  PlumbU 

Is  a  beautiful  vegetation  of  lead.  To  form  it,  two  drams  of  ace- 
lite  of  lead  (sugar  of  lead)  are  dissolved  in  six  ounces  of  distilled 
water ;  the  filtered  solution  is  poured  into  a  cylindrical  glass,  and 
a  thin  roll  of  zinc  being  hung  in  it,  the  whole  is  left  standing  at 
rest.  The  lead  precipiutes^  adhering  to  the  sine  in  mebdlie  laavesy 
in  tlie  form  of  a  tree. 

■^r  [B(War* 
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X  APVR  is  well  knowD  to  be  a  thin  flexible  leaf,  Qsaallj  white,  ar^ 
tificially  prepared  of  some  Yegetable  substance,  chieilj  to  write 
upon  with  ink. 

The  word  is  formed  from  the  Greek  woLitvposy  papyrut^  the 
name  of  an  Egyptian  plant,  called  also  /SiCXo^,  biblus^  whereot 
the  ancients  used  to  write. 

Various  are  the  materials^  on  which  mankind  in  different  ages 
and  countries  hare  contriyed  to  write  their  sentiments;  as  on 
stones,  bricks,  the  leayes  of  herbs  and  trees,  and  their  riads  or 
barks ;  also  on  tables  of  wood,  wax,  and  irory  ;  to  which  may  be 
added  plates  of  lead,  linen  rolls,  &c.  At  length  the  Egyptian  pa- 
pyrus was  inTented ;  then  parchment,  then  cotton  paper,  and  lattlyy 
the  common,  or  linen  paper. 
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In  wme  places  ftnd  ages  tbey  ha««  eirrn  written  on  the  ikins  of 
Afh«i;  inoibtrrs,  un  (h«in1esliiu-s  of  serp«fits  :  and  in  athets,  oa 
the  barki  uf  tortoise!'.  Mabill.  de  Re  Di|Ji>m.  I(l>.  i.  cip.  S.  Fa. 
brie.  liiUliolh.  Nat.  cip.  21,  &c.  There  ore  Ffw  sorts  of  pUnIt 
but  hiTe  a(  tome  time  bt^ea  used  for  paprr  anH  books  :  and  bruc* 
tbr  teverat  (erms,  biblos,  cod<x,  lilx  r,  foium,  tabula,  tillon, 
philora,  fcheda.  Sic,  which  express  thescTeral  parts  uiiwhrcfa  ihej 
were  itritli-D  :  and  Ibough  in  Kurupe  ail  these  dt53ppeared  opoa 
the  introduclion  of  the  papjTUS  and  parchntenl,  )i-t  in  Mime  other 
countries  the  use  of  diTert  of  them  obtain;  to  this  ilay.  In  Ceylon, 
(or  instance,  they  write  on  the  leaves  of  the  talipot.  And  the 
Bramiu  MSS.  in  the  I'Diinga  language,  sent  to  Oxford  from  Fort 
St.  Georee,  are  written  on  leaves  of  the  ampana,  «i  patma  Malaba. 
rica:  HermannusgiTFS  an  account  of  a  monstrous  palm  tree  called 
codda  palraa,  or  palms  montana  Malabarica,  which  about  the 
thirtj-brth  year  of  its  age  rises  to  be  »\xly  or  ipvenly  feel  liigh,  with 
plicated  leaves  nearly  rauiit^,  twi-iity  feet  hroatl,  wherc«ilh  thejr 
COBBionlj  cover  their  houses,  and  on  nhich  ihey  also  write,  part 

tti  oiw  leaf  Bufficinft  to  make  a  moderate  book.  Tbey  write  be. 
tween  the  folds.  makinf>  the  ctiaracleis  through  the  outer  cuticle. 
[  Knox.  Hilt.  Ce)  I.  lib.  iil.  Le  Ctt-rc.  ftibl.  L'n.v .  tr>in.  iiii'.  p.  U%. 
(Fbit.  Trans.  No.  M6,  p.  4i%  seq.  Vide  Hort.  Ind.  Malab.  p.  3. 
LVbil.  Trans.  No.  145,  p.  VM. 

In  the  Maldiie  islands,  the  natives  are  &aid  to  «rite  on  the 
iMves  of  a  trre  called  Di<tcaraitutan,  whirh  are  a  (aliiom  and  a  half 
,]Dog,  and  about  a  fuot  broad.  Aud  in  divers  parts  of  the  Eait 
jbdies,  the  leaves  of  the  musa  arbor,  or  plan  tain- tree,  dried  in  the 
^n,  served  fur  the  same  nse. 

.  E^ptian  paper  waa  prii^cipally  osed  among  (he  ancients  ;  being 

fnade  uf  the  papyrus,  or  hiblus,   a  !peciei  of  iu«fa,  whirh  ^rew  on 

e  banks  of  the  Nile :  in  making  it   into  paper,  ih<y  ttegan  with 

ping  otr  the  two  extremes  of  the  plant,  (he  head  and  (lie  root : 

12  part,  which  was  (he  sd-m,   ihi'y  ca(  lengthwise  into 

m  two  nearly  equal  parts,   and  from  each  of  llnse   they  stripped  the 

nly  pellicles  uf  which  it  ccintibted.      I  lie  ini'eruxjst  of  ihe'-e  pel. 

!  looked  on  as  (hi-  b'st,   anil   that  oeareft  the  rind  the 

^•mrst :  they  were  Iherefure  kept  apart,  and  made  to  eoiislilute 

o  different  sorts  of  paper.      As  the  pellicles  were  taken  ufT,  they 

tadended  them  un  a  table,  laying  them  oter  each  other  Iransieisely, 

M  that  the  fibres  made  right  angles  :  iu  this  itale  they  were  glued 


1 
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together  by  the  muddy  waters  of  the  Nile ;  or^  when  those  were 
not  to  be  had,  with  paste  luaJi  ot  the  finest  wheat  flour,  mixed  with 
hot  water  aud  a  spriiikUag  of  yiiiegar.  The  pellicles  were  oeit 
prebsed,  to  get  out  the  water,  thea  cried,  and  lastly  flatted  and 
8auK>thed,  by  beating  theoi  with  a  mallet :  this  was  the  Egyptian 
pap^r,  which  was  someiime^  further  polished  by  rubbing  it  with  a 
glass  bnlU  or  the  like. 

Burk  paper  was  only  the  inner  whitish  rind,  inclosed  between 
the  bark  and  the  wood  of  several  trees,  as  the  oiaple,  plane,  beech, 
and  <  Im,  but  especially  the  til  a,  or  lindeiutree,  which  was  that 
mostly  useu  for  this  purpose.  On  this,  stripped  oli,  flatted^  aad 
dried,  the  ancients  wrote  books,  several  of  which  are  said  to  be  still 
extant. 

Chinese  paper  is  of  various  kinds  ^  some  is  made  of  the  rinds  or 
barks  of  trees,  especially  the  mulberry- tree  and  elm,  biU  chieiy  of 
the  bamboo  and  cotton- tree.  In  fact,  almost  each  province  has  its 
several  paper.  The  preparations  of  paper  made  of  the  barks  of  trees 
may  be  instanced  in  that  of  the  bamboo,  which  is  a  tree  of  tke  cano 
or  reed  kind.  The  second  skin  of  the  bark,  which  is  soft  and  whitt^ 
is  ordinarily  made  use  of  for  paper :  this  is  beat  in  fair  water 
to  a  pulp,  which  they  take  up  in  large  moulds,  so  that  some  shoets 
are  above  twelve  feet  in  length :  they  are  completed  by  dippiug 
them,  sheet  by  sheet,  in  alum  water,  which  serves  instead  of  tha 
size  among  us,  and  not  only  hinders  the  paper  from  imbibing  the 
ink,  but  makes  it  look  as  if  varnished  over.  The  pap>er  is  white, 
soft,  and  close,  without  the  least  roughnesgi  though  it  cracks  raort 
easily  than  Fluropean  paper;  is  very  subject  to  be  eaten  by  tht 
worns,  and  its  thinness  makes  it  liable  to  be  sooo  worn  out. 

Cotton  paper  is  a  sort  of  paper  which  has  been  in  use  upwards 
of  six  hundred  years.  In  the  grand  library  at  Paris  are  manmm 
scripts  on  this  paper,  which  appear  to  be  of  the  tenth  century  ;  and 
from  the  twelfth  century,  cotton  manuscripts  are  more  frequent 
than  parchment  ones.  Cotton  paper  is  still  made  in  the  £ast  In# 
dies,  by  beating  cotton  rags  to  a  pulp. 

Linen  or  Koropean  paper  appears  to  have  been  first  introduced 
among  ns  towards  the  beginning  of  the  fourteenth  century,  but  hj 
whom  this  valuable  commodity  was  invented  is  not  known.  The 
method  of  making  paper  of  linen  or  hempen  rags  is  as  follows* 

The  first  iostrumeut  is  called  the  duster,  made  in  the  form  pf  a 
cylinder,  four  feet  in  diameter,  and  fir?  feet  in  length*    It  is  41to* 
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gt(b*r  covered  *ilb  a  wire  net,  and  pnt  In  motion  fay  its  oannpxion 
with  ioiii«  part  or  1I>f  marUnery.  A  conTfnietit  quanlily  or  rags 
befvti^  tiM  »«leclian  b(i^  inclosed  ia  the  duster,  an<l  III^  rapidity  of 
iti  tnoliDTi  tpparatf^  Ibc  ilust  from  them,  and  forces  il  iliroagh  the 
wire.  It  is  of  coi  Mid  (arable  advantage  1u  u^f  ihe  duil^r  beJore  se- 
leciioa,  as  it  makes  tbui  operation  les-  pernicious  lo  the  S'liidors. 

Tt>e  si'leclioB  Is  then  to  be  made  ;  and  it  is  found  more  coDve- 
nlenl  to  havL-  tlie  tables  for  eutlina  uH'  the  knots  and  stitching,  and 
for  forming  iliecn  into  a  propir  shapr,  in  the  same  place  with  Iha 
cultinft-tsll*.  The  sarfnce,  Itoth  of  thirsc  ami  of  the  cuttiiig.taldc, 
iicompostrd  of  a -wire  net,  which  in  etfry  part  of  the  operation 
allows  Uk-  remaining  pari  and  refusp  of  every  kind  to  escape. 

The  rag  a,  without  any  kind  of  puirefjction,  are  Dgaio  carried 
from  the  cutlingtable  hack  to  the  duster,  and  from  thence  to  an 
engine,  where,  in  genern.1,  ihey  are  in  the  space  of  six  hours  re. 
doced  lo  the  sialT  proper  (or  muking  paper.  Th>-  hard  jnd  soft  of 
the  same  qunlilj  are  placed  in  difTerrnt  lots;  but  they  can  be  re> 
dscrd  to  stuff  at  the  same  time,  proTided  the  soft  rs  put  iomewhat 
later  into  the  engine. 

The  engine  rs  that  part  of  the  mill  which  performs  (he  whole 
■stioR  of  reducing  the  rags  to  pnslp,  or,  as  it  may  be  (trmeit,  of 
toituration.  The  number  of  engines  depends  on  the  extent  of  the 
he  force  of  water,   or  on  the  construction  of  the 


ry. 

"When  the  stuff  is  brought  to  perfection,  it  is  conveyed  into  a 
general  repository,  which  supplies  the  Tat  from  which  the  sheets  of 
ler  are  formed.  This  tat  is  made  of  wood ;  and  generally  about 
re  fe«t  in  diameter,  and  two  and  a  half  in  depth.  It  is  kept  in 
temperature  by  means  of  a  grate  introduced  by  a  hole,  and  fiur- 
Vounded  on  the  in<>ide  of  the  vat  with  a  case  of  copper.  For  fuel 
4d  this  grate,  charroal  or  wood  is  used ;  and  frequently,  lo  pre. 
Kut  smoke,  the  wall  of  the  building  comes  in  Contact  with  one 
prt  of  the  vat,  and  the  Gre  has  no  communication  with  the  place 
where  they  make  the  paper. 

Every  vat  is  furnished  on  the  upper  part  with  planks  closed  in. 
irda,  and  eieii  railed  in  with  wood,  to  prerent  any. of  the  staff  ' 
from  running  over  in  the  operation.      Across  t'le  tat  is   a.  plank 
nbicb  ihey  eall  the  trepan,  pierced  with  holes  at  one  of  the  ettre- 
nities,  and  resliug  on  the  planks  which  surround  the  Tat. 

The  forms  or  moulds  are  composed  of  wire  cloth,  and  moveabla 
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frame.  It  is  with  these  thit  thej  fetch  up  the  staff  from  the  Tit,  ii 
order  to  form  the  sheets  of  paper.  The  sides  of  the  form  are  mads 
of  oak,  which  is  preTiously  steeped  in  water,  and  otherwise  pre. 
pared  to  preTent  warping.  The  wire  cloth  is  made  larger  than  the 
sheet  of  paper,  and  the  excess  of  it  on  all  sides  b  coTered  with  a 
mof  eable  frame.  This  frame  is  necessary  to  retain  the  staff  of 
w  hich  the  paper  is  made  on  the  cloth  ;  and  it  must  be  exadlj 
adapted  to  the  form,  otherwise  the  edges  of  the  paper  will  be  rag- 
ged and  badly  finished.  The  wire  cloth  of  the  form  is  Taried  n 
proportion  to  the  fine  ness  of  the  paper  and  the  nature  of  the  sto£ 

The  felts  are  pieces  of  woollen  cloth  spread  over  erery  sheet  of 
paper,  and  upon  which  the  sheets  are  laid  to  detach  them  from  the 
adjoining,  to  prevent  them  from  adhering  together,  to  imbibe  part  of 
the  water  with  which  the  stuff  is  charged,  and  to  carry  off  the  whole 
of  it  when  pressed  under  the  action  of  the  press.  The  two  sides  of 
the  felt  are  differently  raised  :  tliat  of  which  the  hair  b  longest  is 
applied  to  the  sheets  which  are  laid  down ;  and  any  alteration  of 
thb  dbposition  would  produce  a  change  in  the  texture  of  the  paper« 
The  stuff  of  which  the  felts  are  made  should  be  sufficiently  strongi 
in  order  «that  it  may  be  stretched  exactly  on  the  sheetii  without 
forming  into  folds ;  and,  at  the  same  time,  sufficiently  pliant  to 
yield  in  every  direction  without  injury  to  the  wet  paper.  As  tht 
felts  have  to  resist  the  reiterated  efforts  of  the  press,  it  appears  ne- 
cessary that  the  warp  be  very  strong,  of  combed  wool,  and  well 
twisted.  On  the  other  hand,  as  they  have  to  imbibe  aceriala 
quantity  of  water,  and  to  return  it,  it  is  necessary  that  the  woof  bt 
of  carded  wool,  and  drawn  out  into  a  slack  thread.  These  are  the 
utensils,  together  with  the  press,  which  are  used  in  the  apartment 
where  the  sheets  of  paper  are  formed. 

The  vat  being  furnished  with  a  sufficient  quantity  of  staff  and  of 
water,  two  instruments  are  employed  to  mix  them ;  the  one  of 
which  b  a  simple  pole,  and  the  other  a  pole  armed  with  a  piece  of 
board,  rounded  and  full  of  holes.  This  operation  is  repeated  as 
often  as  the  stuff  falls  to  the  bottom.  In  the  principal  writing* 
mills  in  England,  they  use  for  this  purpose  what  is  called  a  hog ; 
which  is  a  machine  within  the  vat,  that,  by  means  of  a  small  wheel 
on  the  outside  is  made  to  turn  constantly  round,  and  keep'the  staff 
in  perpetual  motion.  When  the  stuff  and  water  are  properly  mixed^ 
it  is  easy  to  perceive  whether  the  previous  operations  haTe  been 
complete.    When  the  staff  floats  close,  and  in  regoUr  flal^es.  It  k 
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.k  proof  (hat  il  bu  ben  woll  tritarated ;  (ad  tbe  {mHs  of  tb«  ngi 
inicb  have  escappd  (he  rullers  also  >pprar> 

After  (his  operation  the  H-otkmaii  takes  oat  of  the  formf,  far- 
nisbrd  vith  its  frame,  h^  the  tnid<]l«'  of  the  short  ai-n ;  and  filing 
tbe  fraiBe  round  the  wire  clolh  wiili  his  thumbt,  he  planges  it  ob- 
liqv^lj'  four  or  five  inches  intu  the  rat,  heginning  hy  the  long  aide, 
which  is  Dearest  Id  him.  After  the  immersion  be  raisnit  (o  a  level; 
by  these  moTements  he  fetches  iip  on  the  form  a  sufficient  quantity 
of  fluff;  and  as  soon  as  the  form  is  raised,  the  water  dcapet 
throagb  the  wire  cloth,  and  ihe  su|>erflaity  of  the  stuff'  over  tha 
Mrs  of  the  frame.  The  Gbroas  parts  of  the  stuff  arrange  them- 
aelves  regularly  on  the  wire  riolh  of  the  fornij  not  onlj  in  propor- 
tion as  the  water  escapes,  but  abo  as  the  workman  favours  thii 
effect  by  gently  shaking  (he  form.  Afterirards,  having  placed  tb* 
form  on  a  piece  of  board,  the  workmao  lakes  off  (be  frame  or 
deckle,  and  glides  this  form  towards  the  coucher  ;  who,  having 
prerioaily  laid  his  fell,  places  it  with  bis  left  band  in  an  inclined 
aitnation,  on  a  plank  tited  on  Ihe  edge  of  the  vat,  and  full  of  holes. 
During  Uus  operation  (he  workman  applies  his  frame,  and  begins 
a  second  sheet.  The  coiicber  seizes  this  instant,  lakes  wi(fa  his  left 
hand  theform,  now  sufficiently  dry,  and,  having  laid  the  sheet  of 
paper  upon  the  felt,  rtturns  the  form  by  gliding  it  along  the  trepan 
of  the  vat. 

Tbey  proceed  in  this  manner,  laying  aKernately  a  sheet  and  a 

Ut,  till  they  have  made  six  (|uires  of  paper,  which  is  colled  a  post: 

d  tbis  they  do  with  such  swiftness,  that,  in  many  sorts  of  paper, 

a  make  upwards  of  twenty  posts  in  a  day.      When  Ihe  last 

Kt  of  the  post  is  covered  with  the  last  felt,  the  workmen  about 

evat  onite  together,  and  submit  the  whole  heap  to  the  action  of 

K  pmi.     They  begin  at  first  to  press  it  with  a  middling  lever,  and 

tarwards  with  a  lever  aboDt  6fteen  feet  in  length.     After  this 

^ration,  another  person  separates  the  sheets  of  paper  from  lb* 

,  laying  them  in  a  heap ;  and  several  of  these  heaps  collected 

ether  are  again  pnl  under  the  press. 

The  stuff  which  forms  a  sheet  of  paper  is  received,  as  we  baj* 

Mdy  said,  on  a  form  made  of  wire  cloth,  which  is  more  or  leii 

t  proportion   to  the  stuff,    and  surrounded   with  a   wooden 

,;.__.^,  and  supported  in  (he  middle  by  many  cross  bars  of  wood. 

rln  consequence  of  this  construction,  it  is  easy  to  perceive,  that  thi 

I  Atct  of  paper  will  tak«  and  preserra  iha  impreftioDi  of  all  tb< 
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pieces  which  compose  the  form,  and  of  the  enpty  spaces  bctawaa 

them. 

The  traces  of  the  wire  cloth  are  eridently  perceired  on  the  side 
of  the  sheet  which  was  attached  to  the  form,  and  on  the  opposite 
side  they  form  an  assemblage  of  parallel  and  rounded  risings*  As 
in  the  paper  which  is  most  highly  Ooished  the  regularity  of  these 
impressions  is  still  ? i:tiblp,  It  is  evident  that  all  operations  to  whidi 
it  is  submitted  hare  chiefly  in  view  to  soften  these  impressions  witlu 
out  destroying  them.  It  is  of  consequence,  therefore,  to  attend  ts 
the  combination  of  labour  which  operates  on  these  impressions. 
The  coucher,  in  turning  the  form  on  the  felt,  flattens  a  little  the 
rounded  eminences  which  are  in  relievo  on  one  of  the  surfaces,  aid 
occasions  at  the  same  time  the  hollow  places  made  by  the  wire  cloth 
to  be  partly  iilled  up.  Meanwhile,  the  effort  which  is  made  in  de- 
taching the  form  produces  an  infinite  number  of  small  hairs  on 
erery  protuberant  pari  of  the  sheet . 

Under  the  action  of  the  press,  first  with  the  felts  and  then  witiu 
out  thom,  the  perfecting  of  the  grain  paper  still  goes  on.  The  ves- 
tiges of  the  protuberances  made  by  the  wires  are  altogether  flat. 
tented,  and  of  consequence  the  hollows  opposite  to  them  disappear 
also  ;  but  the  traces  formed  by  the  interstices  of  the  wire,  in  con- 
sequence of  their  thickness,  appear  on  both  sides,  and  are  rounded 
by  the  press. 

The  risings  (raced  on  each  side  of  the  paper,  and  which  can  be 
discovered  by  the  eye  on  that  which  is  most  highly  finished,  form 
what  is  called  the  grain  of  paper.  The  diflerent  operations  ought 
to  soften,  but  not  d<.'Stroy  it ;  which  is  efiectually  done  by  eaploy- 
ing  the  hammer.  This  grain  appears  in  the  Dutch  paper  ;  which 
is  a  sulTicient  proof  that  though  they  have  brought  this  part  of  the 
art  to  the  greatest  perfection,  they  have  not  employed  hanmerf, 
but  more  simple  and  ingenious  means.  The  grain  of  paper  is  olleo 
disfigured  by  t^e  felts  when  they  are  too  much  used,  or  when  the 
wool  does  not  cover  thu  thread.  In  this  case,  when  the  paper  b 
8ut)mitted  to  the  press,  it  takes  these  additional  traces  of  the  warp 
and  the  woof,  and  composes  a  surface  extremely  irregular. 

The  puptT  the  grain  of  which  is  highly  softened,  is  much  fltter 
for  the  purposes  of  writing  than  that  which  is  smoothed  by  the 
hammer :  on  the  other  hand,  a  coarse  and  unequal  grain  very  much 
opposes  the  movements  of  the  pen;  as  that  which  is  beat  readers 
them  very  uncortaia.    The  art  of  making  paper,  therefore,  should 
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consist  in  prpsenriog:,  and  at  tbe  same  time  in  iligiilf  soflenin^  ^kt 
grain  :  tbe  Dutch  hare  carried  tkb  to  the  highest  prrft<rtion. 

The  exchange  succeeds  the  operatkm  last  described.  It  is  con. 
<liicted  tn  a  ball  contiguous  to  the  Tat,  supplied  with  several  pres&es, 
and  with  a  long  table.  The  workman  arranges  on  this  table  tbe 
»r,  newly  fabricated,  into  heaps ;  each  heap  cooaioing  ei^bt  or 
of  those  last  under  the  press,  kept  separate  by  a  wpoilea  felt. 
TIm  press  is  large  enough  to  receive  two  of  th«>ni  at  once,  placed 
tbe  one  at  the  other's  side.  When  the  coropres^ion  is  judged  snf. 
iKienf,  the  heaps  of  paper  are  carried  back  to  the  table,  amd  the 
wkole  fumed  sheet  by  sheet,  in  such  a  manner  that  the  surface  of 
crary  sheet  is  eiposed  to  a  new  one ;  and  in  this  situation  tbey  are 
■gain  brought  under  the  press.  It  is  in  conducting  these  two  ope. 
TStions  to  four  or  fire  times,  or  as  often  as  the  nature  of  the  paper 
leqniret,  that  the  perfection  of  the  Dutch  plan  consists.  If  tlie 
atnff  is  fine,  or  the  pnper  slender,  the  exchange  is  less  frequently 
repented.  In  this  operation  it  b  necessary  to  alter  the  situation  of 
tbe  heaps,  with  regard  to  one  another,  ev^ry  time  they  are  pot  nn. 
der  tbe  press  ;  and  aUo,  as  the  heaps  are  highest  toward  the  middle, 
to  place  small  pieces  of  felt  at  the  extremities,  in  order  to  bring 
erery  part  of  them  under  an  equal  pressure.  A  single  man,  with 
fonr  or  fire  presses,  may  exchange  all  the  paper  produced  by  two 
Tats,  provided  the  prf  tious  pressing  at  the  vats  is  well  performed. 
Tbe  work  of  the  exchange  generally  lasts  about  two  days  on  a  given 
quantity  of  papcT. 

When  the  paper  has  undergone  these  operations,  it  is  not  only 
softened  on  the  surface,  but  better  felted,  and  rendered  more  pliant 
in  tbe  interior  parts  of  the  stuflf.  In  short,  a  great  part  of  the  wa. 
ter  which  it  had  imbibed  in  the  operation  of  the  vat  is  dissipated. 
By  the  felting  of  paper,  is  understood  the  approximation  of  the 
ibres  of  the  stuff,  and  their  adhering  more  closely  together.  The 
paper  is  felted  in  proportion  as  the  water  escapes,  and  this  effect  is 
produced  by  the  management  and  reiterated  action  of  the  press. 
Were  it  not  for  th^^  gradual  operation  of  the  press,  the  pa  ler  would 
be  poraus.  and  composed  of  filaments  adh*>ring  clost'ly  together. 
The  superiority  of  the  Dutch  oier  the  French  paper  depends  al- 
most entirely  on  this  operation. 

If  the  sheets  of  paper  are  found  to  adhere  together,  it  is  a  proof 
tint  the  business  of  the  press  has  been  badly  conducted.  To  avoid 
thb  inconveuienry,  it  b  necessary  to  bring  down  the  press  at  first 
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gentlji  and  bj  degrees  with  greater  force,  and  to  raise  it  as  sodi 
denly  as  possible.  By  this  means  the  water,  which  is  impelled  to 
the  sides  of  (he  heaps,  which  has  not  jet  escaped,  returns  to  tbt 
centre ;  the  sheets  are  equally  dry,  and  the  operation  is  executed 
without  difficulty. 

According  to  the  state  of  dryness  in  which  the  paper  is  found 
when  it  comes  from  the  apartment  of  the  vat,  it  is  either  presifd 
before  or  after  the  first  exchange.  The  operation  of  the  prHS 
should  be  reiterated,  and  managed  with  great  care  ;  oherwise,  ia 
the  soft  state  of  the  paper  there  is  a  danger  .that  its  grain  and  trans- 
parency are  totally  destroyed.  Another  essential  principle  to  the 
success  of  the  exchange  is,  that  the  grain  of  the  paper  is  originally 
well  riised.  For  this  purpose  the  wire  cloth  of  the  Dutch  forms  b 
composed  of  a  rounder  wire  than  that  used  in  France,  by  which 
they  gain  the  greatest  degrre  of  transparency,  and  are  in  no  danger 
of  destroying  the  grain.  Besides  this,  the  Dutch  take  care  to  pro* 
portion  the  wires,  even  where  the  forms  are  equal,  to  the 
of  the  paper. 

Almost  every  kind  of  paper  is  considerably  improved  by  the 
change,  and  receives  a  degree  of  perfection  which  renders  it  more 
agreeable  in  the  use.  But  it  is  necessary  to  observe  at  the  saoM 
time,  that  all  papers  are  not  equally  susceptible  of  this  melioratioB; 
on  the  contrary,  if  th**  stuff  is  unequal,  dry,  or  weakened  by  the 
destruction  of  the  fine  parts,  it  acquires  nothing  of  that  lustre  and 
softness,  and  appearance  of  velvet,  which  the  exchange  givea  to 
stuff  properly  prc^pared. 

The  sheds  for  drying  the  paper  are  in  the  neighbourhood  of  tha 
paper-mill,  and  are  furnished  with  a  vast  number  of  cords,  on  which 
they  hang  the  sheets  both  l>efore  and  after  the  sizing.  The  sheds 
are  surrounded  with  moveable  lattices,  to  admit  a  quantity  of  air 
sufficient  for  drying  the  paper.  The  cords  of  the  shed  are  stretched 
as  much  as  possible ;  and  the  paper,  four  or  five  sheets  of  it  toge» 
ther,  is  placed  on  them  by  means  of  a  wooden  instrument  reseaiu 
bling  a  pick«axe.  The  principal  difficulty  in  drying  the  paper, 
consists  in  gradually  admitting  the  external  air,  and  in  preveotiag 
the  cords  from  imbibing  moisture.  With  regard  to  the  first  dT 
these,  the  Dutch  use  very  low  sheds,  and  construct  their  lalUoH 
with  great  exactness.  By  this  menus  the  Dutch  paper  is  dried 
equally,  and  is  extremely  supple  before  the  sizing.  They  prevent 
Ike  cords  from  imbibing  the  water  by  covering  them  with  wait 


Id  using  «iich  cords,  tbc  moisture  dues  not  conlinne  in  the  tine  of 
caoUct  between  the  paper  and  the  cord,  vhich  prevents  the  sheet 
from  stretching  in  that  |iarticnlar  place  by  its  weight,  and  from  tlie 
folds  which  the  moisture  in  the  subsequent  opcrationt  might  occa. 
sioo.  The  Dutch  also  employ  cords  of  considerable  thickness,  and 
place  fewer  of  them  under  Itic  sheets  ;  by  which  means  they  dimi- 
nish the  (winls  of  conlact,  and  give  a  freer  and  more  equal  circula- 
tion to  the  air. 

Tbe  size  for  pap^r  is  made  of  Ibc  shreda  and  panni;!  got  from 
tanners,  cnrrien,  and  parchment- makers.  All  the  putrefied  parts 
and  tbe  lime  are  carefully  separated  from  them,  and  ihey  are  in- 
closed in  a  kind  of  basket,  and  let  down  by  a  ro[>e  and  pulley  ioto 
the  cauldron.  This  is  a  late  invention,  and  serres  two  valuable 
purposes.  It  makes  it  easy  to  draw  nut  the  pieces  of  leather  when 
the  ^ize  is  extracted  from  them  by  boiting,  or  easy  to  return  them 
into  the  boiler  if  the  operation  is  not  complete.  When  the  sub> 
stance  is  sufficiently  extracted,  it  is  allowed  to  settle  for  some  time  ; 
and  it  is  twice  filtered  before  it  is  pot  into  the  vessel  into  which 
(bey  dip  the  paper. 

Immediately  before  the  operation,  a  certain  quantity  of  alum  is 
addfd  to  the  size.  The  work.nian  lakes  a  handful  of  the  sheets, 
sffloolhed  and  rendered  ai  Siipple  as  possible,  in  his  left  hand,  dips 
(hf  m  into  the  vessel,  and  hulds  Ihem  separate  with  hb  right,  that 
they  may  equally  imbibe  tbe  size.  After  holiiing  them  above  (he 
vessel  for  a  space  of  lime,  he  seizes  on  the  other  side  with  bis  right 
tiand,  and  again  dips  them  into  the  vtssel.  When  be  has  6nished 
ten  or  a  doxen  of  these  haudfuls,  Ihey  are  submitted  to  the  action  of 
the  press.  ThesupetfluoussJae  is  carried  back  to  the  vessel  bymeani 
of  a  small  pipe.  The  vessel  in  wliich  the  paper  is  sized  is  made  of 
copper,  and  furnished  with  a  v;rate,  to  give  the  size  when  oecesiary 
a  due  temperature  :  and  a  piece  of  thin  board  or  felt  is  placed  be- 
tween every  handful  as  Ihey  are  laid  on  Ihh-  table  of  the  press. 

The  Dutch  are  very  careful  in  sizing  Iheir  paper,  to  have  every 
>beet  in  the  same  handful  of  equal  dryness  ;  betause  it  is  found  that 
the  dry  sheets  imbibe  the  sizo  more  slowl)  than  those  whiih  retain 
■ome  degree  of  moisture  They  begin  by  srlectjng  the  padges  in  the 
drying. bouse  ;  and  after  hdving  made  thi.m  supple,  and  having  de. 
■troyed  the  xduerence  belwef:i  the  sheets,  ihey  separate  Ihem  into 
faandfuls  in  proportion  to  the  dryness,  each  of  ihem  containing  that 

tmber  which  they  can  dip  at  one  time.     Besidts  this  preceuiien, 
VOL.    Yl. 
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they  take  care  to  apply  two  sheets  of  brown  paper  of  an  equal  sife 
to  every  handfal.  This  brown  paper,  firm,  solid,  and  already  sized^ 
is  of  use  to  support  the  sheets. 

As  soon  as  the  paper  is  sized,  it  is  the  practice  at  some  paper- 
mills  to  carry  it  immediately  to  the  drying.house,  and  hang  it  be. 
fore  it  cools,  sheet  by  sheet,  on  the  cords.     The  paper«  unless  par* 
ticular  attention  is  paid  to  the  lattices  of  the  drying.bonse,  is  ipt 
to  dry  too  fast,  whereby  a  great  part  of  the  size  goes  off  in  era* 
poration  :  or,  if  too  slow,  it  falls  to  the  ground.     The  Dutch  dry- 
ing.houses  are  the  best  to  prevent  these  inconTeniences :  but  tht 
exchange  after  the  sizing,  which  is  generally  practised  in  HoDand, 
is  the  best  remedy.     They  begin  this  operation  on  the  handfnls  of 
paper,  either  while  they  are  still  hot,  or  otherwise  as  they  find  it 
convenient.    But,  after  the  exchange,  they  are  careful  to  allow  tht 
heaps  to  be  altogether  cold  before  they  are  submitted  to  the  press. 
"Without  this  precaution  the  size  would  either  be  wholly  squeezed  oat 
by  the  press  of  the  exchange,  or  the  surface  of  the  paper  become  Tery 
irregular.     It  is  of  consequence  that  the  paper,  still  warm  from 
the  sizing,  grows  gradually  firm,  under  the  operation  of  the  ex« 
change,  in  proportion  as  it  cools.      By  this  method  it  receifes  that 
▼arnish  which  is  afterwards  brought  to  perfection  under  the  prea, 
and  in  which  the  excellence  of  the  paper  either  for  writing  or  draw- 
ing  chiefly  consists.     It  is  in  consequence  of  the  exchai^ng  and 
pressing  that  the  Dutch  paper  is  soft  and  equal ;  and  tl»t  the  matt 
penetrates  into  the  body  of  it,  and  is  extended  equally  oyer  its 
surface. 

The  exchange  after  the  sizing  ought  to  be  conducted  wilfh  the 
greatest  skill  and  attention,  because  the  grain  of  the  paper  then  re« 
ceives  impressions  which  can  never  be  eradicated.  When  the  sized 
paper  is  also  exchanged,  it  is  possible  to  hang  more  sheets  togetlwf 
on  the  cores  of  the  drying  house.  The  paper  dries  better  in  this 
condition,  and  the  size  is  preserved  without  any  sensible  waste,  he- 
causae  the  sheets  of  paper  mutually  prevent  the  rapid  operation  of 
the  external  air.  And  as  the  size  lias  already  penetrated  into  tht 
paper,  and  is  fixed  on  the  surface,  the  insensible  pro/^esa  of  a  well- 
conducted  drying.liouse  renders  all  the  good  effects  more  perfect  is 
proportion  as  it  is  slowly  dried. 

If  to  these  considerations  is  added*  the  damage  done  to  the  paper 
in  drying  It  immediately  after  the  press  of  the  siting*  room,  wk^ 
ther  it  is  done  in  raising  the  hairs  by  separating  the  sheets,  or  ia 
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Cricking  the  surface,  it  is  evident  Aaft  te  trouble  of  Ae  lecoiid 
exchange  is  infinitely  OTerpaid  bf  the  ■dvmnlage. 

When  the  paper  is  sufficiently  dry,  it  is  carried  to  the  finiihing* 
room,  where  it  is  pressed,  selected,  ezanlned,  folded,  made  np 
into  quires,  and  finally  into  reams.  It  is  here  pot  twiee  nnder  tbo 
press;  first,  when  it  is  at  its  fill  site,  and  secondly,  after  it  is 
folded. 

The  principal  labour  of  this  place  consists  in  assorting  the  paper 
into  different  lots,  according  to  its  quality  and  fsuUs ;  after  which 
it  is  made  up  into  quires.  The  person  who  does  thb  must  possess 
great  skill,  and  be  capable  of  attention,  beeaose  he  acts  as  a  checlL 
on  those  who  separated  the  paper  into  different  lots.  He  takes  the 
■beets  with  his  right  hand,  folds  them,  examioes  them,  lays  tiwrn 
orer  his  left  arm  till  he  has  the  nnmber  requisite  for  a  quire,  brings 
tte  sides  parallel  to  one  another,  and  places  them  in  heaps  under 
the  table.  An  expert  workman,  if  proper  care  has  been  taken  ia 
■Siorting  the  lots,  will  finish  in  thb  manner  near  0000  quires  in 
ft  day. 

The  paper  is  afterwards  collected  into  reams  of  U  quires  each, 
sad  for  the  last  time  put  under  the  pres9,  where  it  is  continued  for 
10  or  li  hours,  or  as  long  as  the  demand  of  the  paper-mill  permiti. 

In  different  Tolumes  of  the  Annales  de  Chimie  we  meet  with  some 
vsefnl  hints  relatire  to  the  manner  of  re* manufacturing  the  paper 
of  old  books,  or  any  letters  or  other  paper  already  used  for  writ« 
log  or  printing,  by  MM.  Deyenx,  Pelletier,  Molard,  and  Ver- 
karen. 

I.  Process  for  re-fabricaiing  printed  paper ; — All  paper  of  the 
ame  quality  should  be  collected,  and  separated  from  snch  as  may 
bave  any  writing  on  the  pages ;  the  edges  of  those  leaves  which 
smy  hare  become  yellow,  and  also  the  backs  of  books,  being  cut 
off  by  the  instrument  used  by  boolubinders.  One  hundred  weight 
0f  paper  is  now  to  be  put,  sheet  by  sheet,  into  Tats,  suflkiently 
C^mdoos  to  contain  it,  together  with  500  quarts  of  hot  water,  but 
vUch  ought  to  be  filled  about  one-third :  the  whole  is  next  stirred 
by  two  men  for  the  space  of  one  hour,  who  are  gradually  to  add 
•a  mnch  water  as  will  rise  about  three  inches  above  the  paper ;  after 
lUch  it  is  left  to  macerate  four  or  fire  hoars  ;  the  agitation  being 
fMcasionally  repeated,  so  as  to  separate,  and  at  length  to  form  the 
paper  into  a  kind  of  paste. 
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The  water  is  now  drawn  oflf  by  means  of  pipes,  and  the  pulp 
conrejed  to  the  mill,  where  it  is  to  be  coarsely  groand  for  one 
hour  ;  at  the  expiration  of  which  it  is  boiled  in  a  cauldron  for  a 
similar  space,  with  a  sufficient  quantity  of  water  to  rise  four  or  five 
inches  above  it.  A  short  time  before  the  mixture  begins  to  boil, 
thirteen  quarts  of  caustic  ley  of  potash  are  to  be  added  to  every 
cwt.  of  paper.  The  ley  alluded  to  is  prepared  by  dissolving  lOOibs. 
of  potash  in  300  quarts  of  boiling  water,  to  which  are  to  be  added 
20  lbs.  of  pulverized  quick.lime  ;  and  the  whole  must  be  briskly 
agitated,  till  it  become  of  an  uniform  consutence,  when  it  is  suf. 
fered  to  stand  for  12  hours;  at  the  end  of  this  time  it  must  be  drawn 
off,  and  75  quarts  of  boiling  water  added  to  the  sediment,  which 
being  stirred  for  half  an  hour,  and  suffered  to  stand  till  it  become 
clear,  is  to  be  mixed  with  the  liquor  first  decanted. 

When  the  paste  has  boiled  in  this  ley  for  one  hour,  the  fire  is  to 
be  extinguished,  and  the  matter  suffered  to  macerate  for  12  hours; 
after  which  it  must  be  taken  out,  drained,  put  into  bags,  and  sub. 
mitted  to  the  action  of  a  strong  press  for  a  similar  length  of  time, 
to  deprif  e  it  of  all  moisture  ;  and,  if  it  appear  white,  so  that  the 
printer's  ink  be  properly  extracted^  it  may  be  re.mannfactured  in 
the  usual  manner. 

II.  Process  for  the  re^fabricaiion  of  written  paper. — ^The 
paper  must  be  sorted ;  the  yellow  edges  cut  off;  and  the  whole 
thrown,  leaf  by  leaf,  into  a  tub  half  full  of  boiling  water,  where  it 
is  to  be  agitated  as  before  directed.  After  it  has  macerated  four 
hours,  the  water  should  be  drawn  off;  a  fresh  quantity  of  boiliiig 
water  added  ;  and  the  mixture  stirred  for  half  an  hour :  at  the  ex- 
piration of  which  the  paper  is  again  left  to  dissolve  for  three  hours. 

The  fluid  is  now  drawn  off,  and  260  quarts  of  cold  water  ponred 
on  each  cwt.  of  paper ;  which  being  perfectly  mixed,  6  lbs.  of  oil  of 
vitriol  are  to  be  gradually  added  ;  and  the  whole  strongly  agitated 
for  a  considerable  time,  that  the  paper  may  thoroughly  imbibe  the 
liquor. 

This  composition  is  next  suffered  to  macerate  for  twelve  hours  ; 
the  agitation  being  occasionally  repeated,  when  the  tub  is  to  be  filled 
up  with  cold  water;  and  the  mixture  again  stirred,  to  wash  the 
paper,  which  will  now  be  reduced  to  a  perfect  paste.  Lastly,  after 
drawing  off  the  water,  the  pulp  must  be  put  into  bags,  pressed,  and 
ground  in  a  mill ;  after  which  it  is  coaveyed  to  the  vat,  and  work* 
•d  in  the  manner  practised  with  liotn  rags. 
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Ij  In  tht  ]r«ar  1801,  a  pafcat  wu  i,nmtfA  to  Mr.  Koops,  for  rx. 

I  tnctit^  ink  froin  printed  p*{>pr,  and  mtorio'  it  to  its  ori^tiul  »tal& 
I  II*M  procMS  raries  little  from  that  aboiP  dp<cribed:  tte  paptr  be. 
log  agitated  in  hot  iialer  to  eilraci  (he  size,  and  r«duc«  it  iato  a 
pulp  :  next,  the  adhesiua  uf  the  ink  is  to  br  remoted  by  a  caustic 
alkali  prepaj^d  of  lime  aod  pota»h,  the  qotntitiM  of  wbiditliaaU 
be  proporiiuoed  to  those  of  the  paper.  After  disrbar^ii^  iIm  ink, 
be  directs  the  pulp  (o  be  bleached  by  means  of  the  oxygenated  iBariaa 
acid,  in  (he  proporlioo  of  10  or  12  gillom  to  140  lbs.  of  tbe  nitle. 
rial  ;  and  when  suiEciently  whilened,  it  is  re-man ufaclD red  :a  tho 
titual  maoaer.  According  to  (be  patentee's  account,  writing  paper 
does  not  require  sa  large  a  proportion,  if  any,  of  the  canstic  alkali; 
but  is  bleached  by  conTiningii  in  a  wooden  boi,  rendered  air  tight; 
into  which  the  acid  gais  is  thrown  directly  from  the  retort  whereio 
it  was  produced. 

The  staining  or  dyeing  of  paper  is  performed  by  applying,  with 
toft  brushes,  any  of  the  colours  nsed  for  tinging  other  subitsuces^ 
■fter  tempering  them  properly  with  size  or  gum-water.  Should 
the  paper  not  be  sufficiently  hard  to  rereiTc  the  tint  without  sinking, 
it  will  first  be  necessary  to  size  it,  or  to  employ  a  larger  proporliOD 
of  gum  with  the  tinging  matters.  And  if  (he  paper  is  to  be  of  an 
uniform  colour,  the  latter  must  be  fixed  by  seTeral  (bin  coatings, 
each  being  suffered  to  dry  before  another  is  applied  ;  as  the  shade 
witt  otherwise  appear  unequal. 

As  writing  paper  is  often  imperfectly  sized,  i a  consequence  of 
which  the  ink  is  apt  la  tink,  it  has  been  recommended  to  dissolra 
■  small  piece  of  Roman  alum  in  a  glass  of  pure  water.  This  liquor 
should  be  gently  spread  over  the  suspected  part,  with  a  soft  sponge  ; 
and,  after  becoming  dry,  it  may  be  safely  used  for  writing.  Should 
tliere  be  any  occasion  to  write  on  a  printed  book;  or  on  paper  that 
|»  too  fresh  and  moist,  it  wilt  only  be  necessary  to  mis  a  little  gum 
with  the  ink.  Lastly,  in  case  any  book  or  manuscript  be  stained 
with  oil,  or  grease,  it  haa  been  directed  to  calcine  and  puUerize  the 
bones  of  sheep's  trotters  ;  and  to  apply  asmull  portion  of  the  ponder 
,  to  each  side  of  the  stain,  which  should  be  placed  between  two  sheets 
of  white  paper,  and  (he  whole  submitted  for  the  space  of  (welre 
ItODrs  to  Ihe  action  of  a  press :  if  the  stains  do  not  disappcar,the  pro. 

Sbe  repeated  in  a  warm  place. 
[Pantoiog.     Jvialet  de  Chimie. 
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CHAP.  II. 

OBtGIM  AMD  PKOGRBSS  OF  WAITING. 

SECTION  I. 

Oil  Hietoglyphic  amd  Piciure^wriiing. 

X  HE  desire  of  communicating  ideas,  seems  to  be  implanted  in 
eyerj  haman  breast.  The  two  most  usual  methods  of  gratifjing 
this  desire^  are,  by  sounds  addressed  to  the  ear ;  or,  bj  represent 
tations  or  marks  exhibited  to  the  eye ;  or,  in  other  words,  bj 
speech  and  writing.  The  first  method  was  rendered  more  complete 
by  the  Inyention  of  the  second,  because  it  opened  a  door  for  com* 
nunicating  information,  through  the  sense  of  sight  as  well  as  that 
of  hearing.  Speech  may  be  considered  as  the  substance  ;  and 
writing,  as  the  shadow  which  followed  it. — These  remarks  may  be 
Illustrated,  by  staling  a  few  observations  concerning  the  former^ 
which  will  naturally  lead  us  to  the  origin  of  the  latter. 

One  of  the  greatest  advantages  which  we  possess  is  that  of  speech, 
or  the  power  of  expressing  the  conceptions  of  the  mind  by  artica« 
late  sounds.  By  this  faculty  we  are  capable  of  social  intercourse, 
of  enjoying  the  endearments  of  friendship  and  the  communicatioos 
of  wisdom.  Without  language,  we  should  have  been  solitary  in  the 
midst  of  crowds ;  excluded  from  every  kind  of  knowledge  but  what 
fell  under  our  immediate  notice  ;  and  should  have  been  confined 
io  dull  and  tedious  efforts  of  intimating  our  desires  by  signs  and 
gestures :  in  short,  without  speech  we  should  scarcely  have  been 
rational  beings. 

Two  things  are  essential  to  speech ;  namely,  mental  conoeptions, 
and  sounds  articulate.  The  former  are,  by  far,  the  most  excellent, 
because  they  originate  in,  and  appertain  to,  the  mind ;  whereas  the 
latter  are  nothing  more  than  the  operations  of  certain  organs  of  the 
body. 

Human  voice  is  produced  by  two  semicircular  membranes  in  the 
middle  of  the  larynx,  which  form  by  their  separation  the  aperture 
that  is  termed  the  glottis.    The  space  between  these  membranes  is 
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not  onc.Unlh  of  an  incb,  tliroiigh  wliich  the  breath,  transmitted 
Jrom  the  luugs,  pas^rs  with  coDsiderable  velocit/  :  in  its  passa^je  it 
is  said  to  give  a  brisk  vibratory  motion  to  the  membianous  liis  of 
the  glottis,  which  produceh  the  sound  callpd  voice,  by  an  operation 
jimilar  to  that  which  {iroduces  sound  from  tlie  ttto  lips  of  a  haul- 
.boy.  Galen  and  oihera  affirm,  ihat  both  the  larynx  and  (he  vind- 
ijiipc  co-operate  id  renderine  (he  breaih  vocal  j  butlalcr  au(hor9do 
Vo(  s^rfe  in  this  opinion.  It  seems  however  Qeceanary  for  the  pro- 
duction oF  voice,  that  a  degree  of  tenseness  should  br  communica(ed 
.(O  ihe  larynx,  or  atU-ast  (o  Ihe  two  membranes  above  mentioned. 
The  voice  thus  foruied  is  alrcngihened  and  melloued  by  a  rcverbe-' 
jatiiin  from  the  palate,  and  other  hollow  places  of  the  inside  of  the 
aouth  and  nostrils ;  and  as  these  are  better  or  worse  shaped  for 
this  reierberatiou,  the  voice  is  said  lo  be  more  or  less  agreeable; 
and  thus  the  vocal  organs  of  man  appear  (o  be,  as  it  were,  a  species 
of  Bote  or  hautboy,  whereof  the  membranous  lips  of  the  glottis  are 
the  mouth  or  reed,  and  Ihe  inside  of  Ihe  throat,  palH(e  and  noslrits 
the  body  ;  the  windpipe  being  nothing  more  than  the  tube  or  canal 
which  conveys  ihe  wind  from  the  lungs  to  the  aperluteof  this  musi- 
cal iostniment  *. 

The  learned  and  ingenious  author  of  Hermes-)-,  with  great 
llrengtli  of  argument,  shews,  that  language  is  foDnded  in  compact, 
nd  not  in  nature.  His  friend,  lord  Monboddo,  with  great  learn- 
ing and  ingenuity,  supports  (he  same  opinion,  and  insists  that  lan- 
guage is  not  Batural  to  man  ;  but  that  it  is  acquired  :  and,  in  the 
course  of  his  reQeclions,  he  adduces  the  opinions  not  only  of 
bwlhaa  philosophers,  poets,  and  historians,  but  of  christian  di- 
I  both  ancient  and  modern  ^. 


•  Sm  Dr.  Bcatlie  on  Ihe  Throrj  nf  lanpia; e,  p.  346,  Lend.  1783.  4lo. 
-f  See  Hrrmei,  bj  Jomrs  Harris,  Eiq.  book  iii.  p.  314,  3^. 
{  Thbautbar  in  of  opinion  Ibatmonkiadtook  (be  hinUof  Ibe  mnsl  twefuiarU 
MI  Ibc  brute  crcatioo,  "  for,"  tailb  hr ,  "  il  tiia>  be  tlul  mfn  Gni  IcbtdciI  to 
build  fiom  Ibe  ■wallon' ;  frtun  the  ^pidrr,  la  weave  i  and  fraoi  ihc  birdi,  to 
Hof."  Ste  Monboddo  on  the  Origin  aud  PragrcH  of  LangDage,  booii  i.  and 
,  p.  337  and  373. 

"  Tlie  fini  words  of  men,  like  lh«ii  first  ideas,"  railh  Mr,  Harris,  "  had  an 
I**  tmnediale  rpference  to  lentible  olijccl^  ;  and,  in  at^eitimes,  nben  men  brgan 
"  lo  dUcoVcr  with  tlieir  iaiellecli,  they  look  Ihnar  wnrdi  which  Ihey  fonnd  bI- 
"  read]  made,  nud  trantferred  tbeia,  by  laeiaphor,  laiuicUcclualcoiiceptiDni.'' 
Hcmesi  p.  809. 
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TboQgh  Unguagc,  as  it  is  generally  considered  by  grtmoiiTfauiffy 
is  a  work  of  art ;  yet  it  is  evident  that  vocal  sounds  are  foonded  in 
nature ;  and  man  would  vary  those  sounds,  as  impelled  by  his  pas. 
sions,  or  uTf^'d  by  his  necessities.  This  exercise  of  the  organs  of 
speech  would  produce  articulate  voices,  which  are  peculiar  to  (ke 
human  species  ;  vocal  sounds,  expressive  of  emotions,  being  natunl 
to  brutes  as  well  as  to  men.  These  articulate  voices  are  the  tint 
advances  towards  the  formation  of  a  language.  The  homan  orgus 
are  not,  like  those  of  roost  brutes,  confined  to  particular  sovndi; 
but,  as  men  are  capable  of  learning  to  imitate  the  several  soundief 
the  brute  creation,  by  that  means  they  acquire  a  greater  variety  of 
sounds  than  other  animals.  It  is  evident  that  children  lean  to 
speak  by  imitation  ;  they  acquire  articulate  sounds  before  tlwf 
comprehend  the  ideas  of  which  those  sounds  are  significant. 

It  would  be  digressing  from  the  subject  immediately  before  u, 
to  say  more  at  present  concerning  the  nature  of  speech,  or  audiMe 
language  ;  our  inquiry  being  into  the  origin  of  visible  or  written 
language. 

It  is  obvious  that  men  would  soon  discover  the  difficolty  of  eoa* 
Tcying  new  ideas  by  sounds  alone  ;  for,  as  Mr.  Harris  obserrei*, 
<<  the  senses  never  exceed  their  natural  limits;  the  eye  peroeivei 
*<  no  sounds,  the  ear  perceives  no  figures  nor  colours  ;'*  thereforo 
it  became  necessary  to  call  in  the  assistance  of  the  eye  wlitie  the 
ear  alone  was  insufficient. 

It  will  presently  be  demonstrated  that  men|  even  in  their  aoit 
uncivilized  state,  display  a  faculty  of  Imitation  f ,  which  enabtos 
them  to  delineate  objects  and  communicate  Informatioii  by  rude 
pictures  or  representations.— For  example,  a  man  who  had  seea  a 
strange  animtil,  plant,  or  any  other  new  object,  for  which  lie  wanted 
a  name,  would  have  been  almost  mechanically  led  to  illostrate  his 
description  by  signs ;  and,  if  they  were  not  readily  comprehended^ 
by  a  rude  delineation  In  the  sand,  on  the  bark  of  a  tree,  on  a  sUtti 
on  a  bone,  or  on  |uch  materials  as  first  presented  themselves :  theie 
being  handed  about,  naturally  suggested  the  hint  of  using  this  me- 
thod  of  conveying  intelligence  to  a  distant  friend.  The  exercise  of 
this  faculty  of  Imitation,  so  eminently  conspicuous  in  the  human 
species,  will  be  found,  on  an  accurate  investigation,  to  have  been 


*  Ifermrs,  p.  SS4. 

i  Ariktofle  rayi^  man  is  the  most  ImitatiTe  of  all  anlmalsi 
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a  all  nat'tun*,  anil  perhaps  roeval  vcitli  the  firit  socielies 
of  mankind, 

RtitDot  probable  that  the  art  of  picture,  writing  ifnsbraugliV  to  nnf 
FfP  of  perfection  liy  onp  man  or  nation,  or  eten  by  one  generii- 
is  gradiiHlly  improVFil  anil  txtendcij,  by  the  succeasire 
b  of  iniliriiiuals,  in  the  socieiitH  Ihroa^h  nhich  it  passed  ;  and 
I  more  or  less,  according  to  the  grnias  of  each  people,  and  their 
e  of  civi'iiaiion  ;  tlie  ruder  nations  requiring  fever  ti^ns  or 
^eprtientalioiii,  than  tlip  more  culiivated.  Al  first,  enrh  figure 
meant  speuitically  what  ii  represented.  Thus,  the  figure  of  tlie  lun 
U^irefiicd  or  denoted  that  planet  only  ;  a  lion  or  a  dog,  simply  the 
wit  there  depicted  :  but,  in prociss  of  time,  when  men acqoired 
wiedge,  and  attfinpfed  to  describe  qualilies,  as  well  as 
Bible  objects,  these  delineations  were  more  figiiralifely  es- 
i  then  the  figure  of  the  sun,  besides  its  original  meaning, 
lOted  ulory  and  gtnial  warmth  ;  that  of  the  lion,  courage  ;  and 
t  of  the  doc,  IJdelity. 
^A  Elill  further  improvement  in  civilization  occasioned  Ihete  deli- 
s  to  become  too  volumnions  ;  every  new  object  requiring  a 
IT  picture,  this  induced  the  delincnforlo  abridge  the  representa- 
I,  retaining  so  much  of  each  figure  as  would  express  ils  species. 
i,  for  example,  instead  of  an  accurate  representation  ofa  lion, 
(light  iketch,  or  more  general  figure  of  that  animal  was  sub- 
lillled  ;  and  for  a  MTpent,  either  a  spiral  or  crooked  line  like 
(he  letter  S.  Beside*  this,  as  there  occurred  a  number  of  ideas, 
not  to  be  represented  by  painting,  for  these  it  was  necessary  to  aflii 
arbitrary  signs. 

This  transition  was  not  so  great  as  at  tirsi  it  may  appear.  In  all 
probability,  these  signs  were  iutroduced  slowly,  and  by  degrees, 
and  in  such  manner,  as  to  be  always  explained  by  the  context, 
until  generally  known  and  adopted. 

Thai  such  was  the  origin  and  progress  of  this  iorenlion,  history, 
and  the  journals  of  travellers,  furnish  us  with  a  variety  of  proofs ; 
hi'TOglypbtcs,  in  all  their  difierent  stages  being  found  in  very 
distant  parts  of  the  globe.  Of  these  we  shall  mention  some  In. 
stances. 

Joteph  d'Acosta  relates,  (hat  on  the  first  arrival  of  the  Spanish 
squadion  on  the  coast  uf  Mexico,  expresses  were  sent  to  Moote- 
zam>,  with  exact  representstiuns  of  the  ships,  painted  on  clolb  ;  in 
which  manner  they  kept  Iheir  recoriU,  histories,  and  calendars  ; 
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representing  things  that  had  bodity  shapes,  in  their  proper  figurti ; 
and  those  that  had  none,  in  arbitrary  significant  characters. — It  it 
here  to  be  obs^-rved,  that  the  Mexicans  had  long  been  a  ciTiiiied 
people  ;  so  tha^  this  kind  of  writin«^  may  be  considered  among  tktm 
as  almost  advanced  to  its  roost  perfect  state. 

Specimens  rf  Mexican  painting  have  been  given  by  Pnrclias  ia 
sixty. six  plates.  His  work  is  dirided  into  three  parts*  The  first 
contains  the  history  of  the  Mexican  empire,  under  its  ten  moiiar^: 
the  srcond  is  a  tribute.roU,  representing  what  each  conqoered  towa 
paid  into  the  royal  treasury  ;  and  the  third  is  a  code  of  their  insti- 
tutions, civil,  political,  and  military*.  Another  specimen  of 
Mexican  painting  has  been  published,  in  thirty.two  plates,  by  ths 
present  archbishop  of  Toledo,  To  all  these  is  annexed  a  full  ex» 
planation  of  what  the  figures  were  intended  to  represent ;  whUk 
was  obtained  by  the  Spaniards  from  Indians  well  acquainted  mUk 
their  own  arts.  The  stile  of  painting  in  all  these  is  the  same  ;  and 
they  may  be  justly  considered  as  the  most  curioos  monuments  of 
art,  brought  from  the  new  world  +• 

•  The  oriicioalft  are  io  the  Bodleian  library  at  Oxford,  No.  S1S4»  amoag  Ml^ 
Srldeo'f  MSS.  In  the  name  library.  No.  885S,  is  a  bttok  of  Mexican  hlen|^ 
phirs  painted  upon  thick  bklnv,  which  are  covered  with  a  chalky  coaiporiCi«% 
and  folded  in  eleven  folds*  No.  3 1 35,  is  a  book  of  Mexican  hiero^jfMo 
painted  upon  similar  ^kins,  and  folded  in  len  folds.  No.  320T,  is  a  roll  ceafahi' 
ing  Mexican  hierofl^phics,  painted  on  bark.  These  paintings  are  highly  wartly' 
the  attention  of  the  carious. 

f  Upon  an  attentive  inspection  of  the  plates  above  mentiooed,  we  nay  ab- 
serve  some  approach  to  the  plain  or  simple  hieroglyphic,  where  lome  pviaciprf 
port  or  circumstance  of  the  bu^ject,  is  made  to  stand  for  the  whole.  In  tke  M- 
aals  published  by  Pnrchas,  the  towns  conquered  by  each  monarch  are  orifbraly 
reprei.*nted  in  the  same  manner,  by  the  rode  delineation  of  a  bonel  bnl,ll 
order  to  point  out  the  particular  towns,  which  submitted  to  their  victerioa 
peculiar  emblems,  sometimes  natural  objects,  and  sometimes  artificial 
are  employed.  I  n  the  Tribute-roll,  published  by  the  archbishop  of  Tolede»  Ihs 
house,  which  was  properly  the  picture  of  the  town,  is  omitted  ;  and  Cbe* 
alone  is  employed  to  represent  it.  The  Mexicans  seem  even  to  hare 
advances  beyond  this,  towards  the  me  of  the  more  figuatlve  and  flinciflil 
glyphic.  In  order  to  describe  a  moaarch  who  had  enlarged  hb  doanioiaaBly 
force  of  arms,  they  painted  a  target,  ornamented  with  darts,  and  placed  It  It" 
twren  him  and  those  towns  which  he  bad  subdued.  But  it  is  only  in  oae  la- 
stance,  the  noution  of  numbers,  that  we  discern  any  attempt  to  ezhibltl 
which  had  no  corporeal  form.  The  Mexicans  had  invented  artii 
or  signs  of  dellncatioa,  for  this  parpose  t  by  neaas  of  tbeie  they  compatcd  Ac 
years  of  their  kiag*s  reigns,  as  well  at  the  aauwnt  of  tribute  to  be  paid  into  (te 
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CbarleToix  and  seteral  other  fraTeilprs  testify,  lljat  tliis  kind  of 
WTiliag,  or  rather  painting,  was  usi'd  bj  Ihe  North  American  In- 
dUns,  lo  record  iheir  past  etetits,  and  lo  cominuiiic.it»  iheir 
ClwDghU  to  their  distant  friends.  The  same  kind  of  chamcltfrs 
were  found  by  Slralilenberg  upon  the  rocks  in  Sibfria  ;  anil  Iho 
author  uf  the  book,  inlitkd,  Devti.Lil.  Ilun,  Scjth,  p.  Ijj,  mentions 
certain  innkeepers  in  Uungary,  who  used  hieroglyphic  representa. 
lioni,  not  only  to  keep  their  accounts,  but  to  describu  their  deht- 
on:  so  that  if  one  was  a  soldier,  they  drew  a  rude  kind  of  sivord  ; 
fat  a  smith  or  carpenter,  a  hnnioier  or  an  axe  ;  and,  if  a  carter,  a 
nhip.     See  ilistoire  Generale  dcs  Voyages,  Paris,  1754,  4to. 

The  inhabitants  of  the  Friendly  Islands,  visited  by  Captaiu  Cook, 
in  1770,  made  a  j^rtat  number  of  rude  figures,  to  represent  their 
ibities.  Captain  Kiu:;,  who  accompanied  Captain  Cook  on  his  last 
(ipeditioa,  brought  fromoneof  these  islands  a  pUce  ofcluth,  made  of 
btrk,  on  whii:h  several  rude  representations,  of  men,  birds,  and 
Prniments  of  dres!,  are  depicted.  Besides  these,  there  are  some 
ddincBtions,  which  have  the  appearance  of  arbitrary  marks. 

This  cloth  is  divided  into  twenty. three  compartments  ;  in  one  of 
Which,  near  the  centre,  is  a  rude  figure,  larger  than  the  rest,  per- 
lups  af  tome  il«ly,  haring  a  bird  standing  upon  each  hand:  that 
an  the  right  hand  appears  to  be  addressing  itself  to  his  ear.  This 
figure  is  surrounded  by  three  smaller  ones,  which  may  be  intended 
as  ministers  or  attendants.  The  great  tigure  is  much  in  the  stile  of 
the  Mexican  hieroglyphic  painliugs  at  Oxford*. 

Tbe  Egyptians  undoubtedly  carried  this  art  to  its  greatest  ex. 
tent ;    and  (his  is  one  reason  why  tliey  hare  been  generally  con. 


m]>)  treauiiy  :  Ihe  figure  oriicirck  rf  presented  a  unit  ;  add,  in  small  numlxTq, 
the  compolalian  <ru  made  by  reprnling  it.  Lai^er  numberB  ncre  ei|iretMd  by 
[cculiat  Diirlut  SI"!  UiC)'  had  sucbiu  denoredall  iplr)^  nnmberi,  framlweDly 
la  ei(ht  tbuunnd.  The  short  duration  of  Iheir  empire  |irPTriiled  Iht  MexicuM 
from  advaKiOi;  forllirr  in  ihal  Innc  caursc,  n  hieh  rnnduct)  men,  frooi  Ihe  ia- 
b«ur  of  dcliDraiing  real  nl>ieclti  la  Ihe  riroplicil;  aodcatcof  alpbubelic  wiiliag, 
Ttcir  (Fforda,  nolvilhtlandioe  tooie  dawn  of  luirh  ideas  as  might  hate  led  to 
XDmrc  petff  cl  tlilr,  can  be  considered  as  nolhiDg  more  than  a  tprciei  orpiclure. 
uriting,  sa  for  impravid,  as  to  mark  iheir  tuprtiorily  over  Ihv  iavajrr  trihei  of 
.\Dith  Anetica  t  but  Uill  to  defective,  as  lo  prirec  that  ihcy  bad  nol  proceeded 
Cu  br]roiid  llw  Cut  iUi{;i?,  in  ttiat  progress  niiicli  musl  be  complelrd,  befarc  an; 
people  cao  be  mobcd  among  polished  nalio»<.  See  Dr.  RctKrlson'i  Hist,  of 
Amrriea,  lol,  ii.  p.  !S6,  and  note  5i,  p,  473 — .SS. 
*  Tlii*  cloth  i>  COR  in  my  pos^cKluii, 
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sidercd  as  the  inrentors  of  it ;  every  species  of  bieroglypbics  beioj 
recorded  in  their  history. 

Hieroglyphic  writing,  strictly  so  railed,  is  a  simple  represeota. 
tion,  or  mere  picture.  The  abridgments  afterwards  introdicri 
may  be  divided  into  three  kinds. 

First,  when  the  principal  circumstance  was  made  to  repremi 
the  whole.  In  order  to  signify  a  battle,  two  hands  were  delinetlii; 
one  holding  a  bow,  another  a  shield  :  a  tumult,  or  popolar  iaiir* 
rection,  was  expressed  by  an  armed  man  casting  arrows ;  aria 
siege,  by  a  scaling-ladder.  This  may  be  stiled  a  pictare  diafadvi 
or,  as  the  learned  Dr.  Warburton,  bishop  of  Grloocetteri  calldll| 
^'  a  Curiologic  Hieroglyphic." 

The  second,  and  more  artificial  method  of  contractioii|  WM  If 
putting  the  instrument  far  the  thing  itself.  Thus,  an  eje  k  (kl 
clouds,  or  eminently  placed,  was  designed  to  represeoC  G«A 
omniscience,  as  perceiving  all  things ;  an  eye  and  tcepCpi  to  n* 
present  a  king ;  and  a  ship  and  pilot,  the  Governor  of  tbe 
This  may  be  called  the  Tropical  Hieroglyphic. 

The  third,  and  still  more  artificial  method  of  abridging 
writing,  was,  by  conversion,  or  making  one  thing  stand  fer^  ar  ii» 
present  another  ;  for  example,  the  Bull  Apis  stood  for  (Mfii|Mi 
not  the  picture  or  image  of  Osiris  *•  This  hath  been  dr  nniiaitii 
the  Symbolic  Hieroglyphic  +. 


*  Some  authors  have  said,  tliat,  at  first,  symbols  had  some  qoaiot  1 1  ii  iihbh  < 
of,  or  analogy  to,  what  they  represented.  Thos,  among  the  EgyptiaM,  a  at 
stood  for  the  moon  ;  because  the  Egyptians  held,  that  the  papil  of  herejeva 
enlarged  at  the  full  moon,  and  was  contracted  and  dimioiahed  dwiig  ill  d» 
crease  :  a  serpent  represented  the  divine  nature,  on  account  of  its  great  vifHT 
and  spirit,  its  long  age  and  revirescence. 

f  That  these  improvements  are  not  imaginary,  is  proved  from  a  IhifBetlif 
Sanchoniatho,  preserved  by  Eusebius,  recording,  **  That  Taaatw,  knla%  iat 
''  tated  Ouranus's  art  of  picture-writing,  drew  the  portraits  of  the  godiOiiMib 
**  Dagon,  and  the  rest ;  and  delineated  the  sacred  characters,  which  (vmeitk 
'*  elements  of  this  kind  of  writing.  For  Cronos,  particularly,  he  lai^lagiltr 
<'  symbols  of  royalty  i  four  eyes  $  two  before,  and  two  behind,  of  which  nn 
''  were  closed  in  slumber;  and  on  his  shoulders  four  wings;  twoitrelckfd  t^ 
'<  as  in  the  act  of  flying ;  and  two  contracted,  as  in  repose.  Tbe  inC  <jaM 
"signified,  that  Cronus  watched  though  he  reposed,  and  reposed  thaii|^ k( 
**  watched.  Tbe  second  symbol  of  the  wings,  signified  in  lihe  manner,  that,  cfCi 
**  when  stationed,  he  flew  about ;  and,  when  flying,  be  yet  remained  ilaliinf^' 
*'  To  each  of  tlie  other  gods  he  gave  two  wingw  on  their  shonlden;  ml^ 
**  satellites,  of  Cronui,  in  his  excursions ;  who  bad  likewise  two  wings  oa  Ui 
^^  head,  to  denote  (he  two  principles  of  the  mind,  reason  and  pawion.** — H^ 
wc  tee  that  Ouranus  practised  a  kind  of  picture-writing,  which  TBa■tasaftf^ 
wards  improved. 
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Tkit,  and  the  enormous  bolk  of  the  picture  toIobcs,  ptoducgd 

ftirther  change  in  writing  ;    the  figures  were  totallj  rejected  ; 

9  in  their  room,  certain  arbitrary  marks  were  instituted,  ex. 

-  tf^umg  not  only  risible  objects,  hot  mental  conoefitions.    These 

-  •f  necessity  must  be  exceedingly  namerous,  as  b  the  case  in  the 
'CUnese  writings,  in  which  some  authors  hare  asserted,  they  could 

trace  out  the  remains  of  the  picture  character. 

learned  bishop  of  Gloucester,  Dr.  Warburton,  in  hb  Dirine 
on  of  Moses  ^,  obserres,  that  all  the  barbarous  nations  upon 
9  before  the  invention  or  introduction  of  Ietter5,  made  use  of 
lypbics,  or  signs,  to  record  their  meaning.     Such  a  general 
oirence  in  the  method  of  presening  events,  could  nerer  be  the 
of  chance,  imitation,  or  partial  purposes  ;  but  must  needs  be 
the  uniform  voice  of  nature,  speaking  to  the  first  rude 
of  mankind  ;  ^'  for,*'  adds  the  learned  prelate,  ^'  not 
tb^  Chinese  of  the  east,  the  Mexicans  of  the  west,  and  the 
s  of  the   south,  but  the  Scythians  likewise  of  the  north, 
well  as  those  intermediate  inhabitants  of  the  earth,   the  Indians, 
'Vheuicians,  Ethiopians,  Etruscans^  &c.  all  used  the  same  way  of 
•Writing,  by  jncture  and  hieroglyphic." 

We  shall  dbmiss  the  present  section,  by  endearouring  to  ira. 

yvtsa  tbe  minds  of  our  readers  with  a  distinction  which  will  be 

SMod  to  be  of  great  importance  in  the  present  inquiry ;  namely,  the 

nee  between  imitative  characters  and  symbolic  or  arbitrary 

ks. 

'*  Every  medium,"  says  Mr.  Harris,  in  his  Hermes,  p.  331, 
*^  through  which  we  exhibit  any  thing  to  another's  contem- 
^  yliUioo,  b  either  derived  from  natural  attributes,  and  then  it  b 
:     M  Isitation ;  or  else  from  accidents  quite  arbitrary,  and  then 

TaaaCuiy  or  Thotb,  was  the  Mercury,  oo  which  name  and  fiunily  all  the  inven- 
ef  the  various  kinds  of  writing,  were  very  liberally  bestowed  ;  that  here 
as  the  improTeroent  of  Taaotni,  beio(  the  very  hieroglyphics  above 
;  and  that  as  before  practised  by  Ooranus,  the  same  with  the  simple 
paiotiogs. 
then  was  the  ancient  Egyptian  hierorlypbic ;  and  this  the  second  mode 
«f  laveatioo  for  recording  mens  actions,  not  as  hitherto  thought  a  device  of 
cMce  for  teereiy,  but  an  expedient  from  necessity  for  general  09e.     In  pro- 
cm  of  ttme,  their  symboU  and  delineations  taming  on  the  least  obvious,  or 
even  perhaps  on  imaginary  properties  of  the  animal  or  thing  represented,  either 
tofom  or  coastrae  this,  required  no  small  degree  of  learning  and  ingenuity. 
•  Vol.  iH.  p.  07  tu  S05. 


u- 
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It  is  a  Sjmbol/*  Tlie  former  may  be  truly  said  to  demeili 
orHCta  from  that  imitative  facalty  which  is  so  conspicvooi  it  tW 
hvmao  <p«cies  ;  the  latter  is  foonded  io  necessity  or  cooveaieaa^ 
aftd  becomes  siputicant  by  compact :  the  one  hath  only  aa  mm^ 
4SfMi»  KfprcDce  to  sensible  objects,  which  present  themschct  to  tht 
sacht :  the  other  to  aiental  cooceptioos  :  in  short,  the  former  ii  i|b 
p&MMe  to  hieroctyphic  representations  ;  the  latter  oompreheidl 
srmWb  awl  marks  for  soands,  significant  of  ideas  by  adoptioa> 
HirttCY  we  may  coodnde,  that  all  representations,  marks,  or  clt» 
nctecsi^  which  wer«  ever  nsed,  by  any  nation  or  people,  most  kw 
Imb  KiKher  imifcuiveorsymliolic*. 

SECTION  II. 

CmiU  Cti^  e/  Letters j  mitd  the  Invention  of  AlpUMt.     y 

Tkv  art  el  dcawiaf  Ucas  Into  vtsaon,  or  of  ezhibituif  the  on* 
cepctoa  «i£  rh^  minJ  tv  kfible  characters,  may  jnstljr  be  decMJ 
1^  m»^2i»tft  ami  me5t  Neae^dal  ioTention  of  whidi  hnmaa  iept 
voM  eiia  boost  2  an  iov«ntia«  which  hath  cootribnled  man  tin 
4ik  <fChir»  lt»  the  i«pn»vem<ttl  of  mankind. 

fhti^  Mdt^fct  hftS'  <ocaced  the  attention  and  perplend  tht 
$^^4ci(^%  «K  vo-TT  4^.^  43d  jadicioos  persors  for  more  thu 
t«\>  cetrturic^ :  $i7iB<  cf  the  most  respectable  writers  hait  ni* 
w:t^  tt^va  «fmro«fc;c5  ^*hnci^lcs«  and«  by  their  works,  havetk* 


\  r\*tr<v<tt£4hUM  ^1  ^^>cuii^itlSl^r  4Jkrs  trvo  s  nab«l  ia  as  mmek  m  ihrif 
«c^M0jiKiivv  jutt>  u  iu-  ^  gthwbur*  X*  nr^nr>«flC  ue  ««f^  iBtm  W  Che  dofaiit 
<» '«  •!  KIT  ^»ct  9t>  vi't'i  \ic  vani    :  :   (imc  a  «>a&^ol  or  >^f«^  ■  ■liaBj  in* 

rw  A'Hfkv  «  ;^  ocaut.74:  ftf  iie  idocT.M  i»  'Jie  vvri  ?;sect,  tie  ^timifA 
«)C  ^*  «tK>K  V'ttic  IV  vs^a^  UM a«s  ;  ^c  lihr  ;r»£  Lord  Bacim  inH 
^  I  Jit{  ;'iv  arvf  iifiOLivpi'c  a'  j;iftra.  <^c>«  »  ura  or*  ii'tc^  voc-ii  aa<  Mali 

vn<»  ciih  HfarflKtw.  Cku  t<  iKUir»  rie  loait.-'  aJM^nocja  ta  4ifttx2i  parti  cfhii 
wr^K  Ik  »>  ««4  «c  rUion-a.  ua''.  At  a  trme  f^fganrpfcirr  ar  rr^rJei  ikapw 
lilBJI  «iic^ 
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scored  €ke  trw  pitk  whick  sig^  Wre  k4  •»  iIk  ^Lapwi  «r V4. 

ieru     Blonsievr  Fovrmoat,  Bbhop  Waitartaa,  aai  TJiw  inn 

Gebelin,  hsre  endcsTovred  Id  skew,  tksl  alpkaWcs  «m  mneka^j 

made  op  of  hiert^jpkic  c&anctets  ;  b«t  k  vifl  pitjftfj 

Ait  tiie  letters  of  ui  alpiabrt  wetv  ewstaBj  dMm«t  fmm 

dbsractieristic  marks  dedhxcd  from  bif  nij^lj  inVw  t^  vftkk  bst 

Mftrks  for  thiols  and  idess,  n  Ike  same  saBBer  as  Ike 

■odem  characters  of  ike  Cknese ;  vWreas  tke  fwu  ar^  m^ 

Barks  for  soands ;  and,  tko«gk  ve  skosld  allow  k  an  easf 

fion,  from  tiie  Egrptiao  yero^ljpkics,  to  ike  ckaiacicralic 

of  tke  CUoese,  whick  hare  bfen  demoestiated  b^  Da  Halde  and 

otkeit  to  be  perfectlj  kierasijpkic,  jet,  k  dolk  not  Mlov,  tkat 

tte  ioTentioQ  of  an  alpbabet  m»t  nafnaDj  svooecd  tkese 

It  is  trae,  there  is  a  resemblance  between  tke  M< 

writing,  the  Egjptian  hieroglyphics,  and  tke  Chinese 

bnt  these  are  foreign  to  alphabetic  letters,  and,  in  mfitj,  do  noC 

bear  tke  least  relation  to  them. 

Tke  kfen^ljphic  characten  of  the  Chinese,  which  are  Tery  ns. 
merons,  are  in  their  natnre  imitative,  and  do  not  combine  into 
pnidi,  1&0  arbitrary  marks  lor  soonds  or  letters,  which  are  Teiy 
ftfW,  aad  are  of  a  symbolic  natare.  We  shall  shew,  that  these 
iaCkOft,  whose  learning  and  ingenoify  entitle  them  to  the  highest 
svtpect,  and  whose  writings  hare  fomished  many  nsefnl  Unts  to. 
wnrds  the  discorery  of  alphabetic  characters,  hare  not  ifled  vp  the 
gvant  dmsm  between  pictnre.writing  and  letters,  which,  tiwugb 
An  most  difficolt,  was  the  most  necessary  thing  for  them  to  hare 
Awe,  before  they  could  attempt  to  acconnt  for  the  formation  of  ao 
Wphabet.  We  shall  demonstrate,  that  letters  do  not  derive  their 
fowers  from  their  forms,  and  that  originally  their  fonns  en. 
tirely  depended  on  the  fancy  or  will  of  those  who  made  them  *• — 
Oiker  writers  who  have  considered  this  diflicolt  snbject,  have  freely 
COBfased  that  it  was  above  their  comprehension  f , 

Many  learned  men  have  supposed  that  the  alphabet  was  of  di« 
fine  origin ;  and  several  writers  have  asserted,  that  letters  were 


*  See  Mom.  Foormoat's  Reflectioot  Grit,  snr  les  Hist,  drs  Aor.  Pevplet, 
Urn.  ii.  a  nm8,17S5.— The  Divine  Legation  of  Moses,  by  the  late  Dr.  Warbar- 
tMybUiop  of  Gloucester,  toI.  iii.  p.  121.  Mons.  Gebelio's  Monde  Primilif, 
vvL  in.  Pant,  1775. 

f  Mr.  Wise's  Eway  on  the  Origin  of  the  LAngooire  and  Letteii  of  Earope, 
f*99f  fiS»    See  Uaiveml  History,  vol.  xz«  p.  18,  n.  H« 
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first  commanicated  to  Moses  by  God  hiin<ie1f  *;  whilst  othcnbitt 
contended,  that  the  Decalogue  was  the  first  alphabetic  writing. 

It  is  highly  proper  for  us  to  inquire  how  far  these  opinions  ire 
well  founded  ;  for,  if  they  can  be  supported,  there  is  an  end  ofovr 
pursuit ;  but  if  it  shall  api)ear  that  they  are  warranted  neither  bj 
reason  nor  by  scripture,  we  shall  be  at  full  liberty  to  pursue  oar 
inquiry  :  for  the  satisfaction  therefore  of  those  who  hate  adoptrd 
those  opinions,  it  is  incumbent  on  us  to  haTe  recourse  to  the  Udj 
Scriptures  themselres. 

The  first  mention  of  writing  recorded  in  Scripture,  will  be  found 
in  £xodus  xvii.  t.  14;  '^  And  the  Lord  said  unto  Moses^  Writef 
this,  for  a  memorial,  in  a  book  5  and  rehearse  it  in  the  ears  of  Jl^ 
shua;  for  1  will  utterly  put  out  the  remembrance  of  Amaiek  fron 
under  heaven."  This  command  was  gifen  immediately  after  the 
defeat  of  the  Amalekites  near  Horeb,  and  before  the  arriFalof  tbt 
Israelites  at  Mount  Sinai. 

It  is  obscrrable,  that  there  is  not  the  least  hint  to  induce  as  to 
believe  that  writing  was  then  newly  invented  ;  on  the  contrary,  we 
may  conclude,  that  Moses  understood  what  was  meant  by  writiDg 
in  a  book;  otherwise  God  would  have  instructed  him,  as  be  had 
done  Noah  in  building  the  ark  ]:  ;  for  he  would  not  have  becB 
commanded  to  write  in  a  book,  if  he  had  been  ignorant  of  the  art 
of  writing;  but  Moses  expressed  no  difficulty  of  comprehensiott| 
when  he  received  this  command.  We  abo  find  that  Moses  wrote 
all  the  words  and  all  the  judgments  of  the  Lord,  contained  10  tin 
twenty-first  and  the  t^o  following  chapters  of  the  book  of  £iodiS| 
before  the  two  written  tables  of  stone  were  even  so  much  as  pro- 
mised §.     The  delivery  of  the  tables  is   not  mentioned   till  the* 


♦  Of  ihese  opinions  were  St.  Cyril,  CIrment  ofAlexnndria,  Eusebias,  aW 
Isidore  of  Seville,  amonpt  the  fathers;  and  Mr.  Bryant,  Mr.  Costard*  Mr. 
Windar,  with  many  others,  among  the  moderns.  See  St.  Cyril  against  Jattui 
book  vili. ;  Clement  of  Alex,  booli  I.  stromat.  cap  93  i  Euseb.  Preparat.  EvBa|« 
lib.  iz.  cap.  7  ;  Isidore,  Origin,  lib.  i.  cap.  S  t  Mr.  Bryant's  Ancieot  Mytho- 
logy ;  Mr.  Costard's  Letterto  Mr.  Haihed;  and  Mr.  Windar's  Essay  odKooW' 
ledg^,  p.  «.ch.  i.     Univ.  Hist.  vol.  iii.  p.  212,  Note  T. 

f  The  Hebrew  word  sns,  which  word  is  generally  used  for  drawing  leftfA 
or  literal  characters;  to  write;  Ezod. zxiv.  v. 4 )  and  chap,  xxxiv.  v.  18.— 
See  Parkburst*s  Lexicon. 

t  Geo.  vi.  ver.  14,  15, 16. 

S  ••  And  Mosrs  wiote  all  the  words  of  the  Lord,  ar."  Exod.  xx\w.  v. 4. 
"  And  he  took  the  book  of  the  covenant,  and  read  i(  in  the  audience  of  ll* 
people ;  and  they  said,  All  that  Che  Lord  bath  said  we  will  do«  and  be  <Af 
dicDt.*'  Ibid.  V.  7« 
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eighteenth  verse  6f  Che  thirty-firit  chapter,  after  God  had  m^de  an 
end  of  rommooin^  with  him  epoo  the  mooot  *,  tlioagh  the  tea 
coaimaodineotf  were  promalgated  immediateljr  after  Ihs  third  de* 
icent* 

It  is  obserTable,  that  Moses  no  where  mentions  tliat  the  alpliabeC 
was  a  new  thing  in  his  time,  much  less  that  he  was  the  inventor  of 
it;  oa  the  contrary,  he  spealLS  of  the  art  of  writing  as  a  thin^  well 
known,  and  in  familiar  nse;  for,  Exodns  xxTiii.v.21,  he  sajs, 
**  And  the  stont*s  shall  be  with  the  names  of  the  children  of  Israel, 
twelve ;  according  to  their  names,  like  the  engravings  of  a  s^net, 
everj  one  with  his  name,  shall  they  be,  according  to  the  twdve 
tribes."  And  again,  t.  36,  '^  And  thou  shalt  make  a  plate  of 
p«fe  gold,  and  grave  upon  it,  like  the  engravings  of  a  signet,  floli* 
•ess  to  the  Lord.*'  Can  language  be  more  expressive  ?  Woold  it 
■ot  be  too  absurd  to  deny  that  this  sentence  most  have  been  in  words 
and  letters?  But  writing  was  kndwn  and  practised  by  the  people 
IB  general  in  the  time  of  Moses,  as  appears  from  the  following 
texts.  Dent,  chap,  vi.  v.  9 ;  chap.  xi.  v.  90 ;  chap.  xvii.  v.  18 ; 
chap.  xziv.  v.  1  ;  chap,  xxvit.  v.  3,  8.  By  thb  last  text,  the  people 
are  oommanded  to  write  the  law  on  stones  ;  and  it  is  observable, 
thatsooM  of  the  above  texts,  relate  to  transactions  previous  to  the 
delivery  of  the  law  at  Mount  Sinai. 

If  Moses  had  been  the  inventor  of  the  alphabet,  or  received  let. 
ters  from  God,  which  till  then  had  been  unknown  to  the  Israelites, 
it  woold  have  been  weft  worthy  of  his  understanding,  and  very 
snitable  to  his  character,  to  have  explained  to  them  the  nature  and 
Me  of  thb  invaluable  art  which  God  had  communicated  to  him  : 
aad  nay  we  not  naturally  suppose,  that  he  would  have  said,  when 
he  directed  the  workmen  to  engrave  names  and  sentences  on  stones 
and  g6ld  f ,  ^^  And  in  these  engravings  you  shall  use  the  alphabetic 
characters  which  God  hath  communicated  to  me,  or  which  I  have 
Invented,  and  taught  you  the  use  of?''    But  the  truth  is,  he 


e  file  diterent  timrs  of  Moset*  ascendiBg  and  desceodtog  the  Mouat  are 
dMagttiihed  a  the  following  paMiges. 


Firti  maetmL 
Exod.  six.  V.  S. 

FIni  i€$ctui. 
Bied.  six.v.  7. 


Second  aJtCffit* 
Exod.  xiz.  ▼.  8. 
Sfcond  deteenL 
Ezod.xiz.  V.  14. 


Third  ascent, 
Exod.  xix.  V.  2a 

Third  descent. 
Exod.  xix.  V.  95. 


Fourth  atceni, 
Exod.  xiiv.  V.  15. 

Fourth  deicent, 
Exod.  xxsii.  ▼»l5^ 


t  See  aore  texU  oo  this  tobject  io  Geoetis,  chap,  xxviii.  venei 9,  10,  II; 
aad  cbif.  xxxix.  v.  S4 1  Ueat.  chap,  xxvill.  v.  59«od  61  ;  and  chap.  sxix. 


VOL.  VI.  2  A 


S34  ORIGIN  OP  iBTTBaa, 

refers  them  to  «  model  in  familiar  vse,  ^<  like  tht  eiigr»Tiii|>  of  i 
sjgDet )"  for  the  ancient  people  of  the  East,  engrared  oaiiieaaodiM. 
tences  on  their  seals  in  the  same  manner  as  is  now  practised  bjtk 
great  I^ma  uf  Tartary^  the  princes  in  India,  the  Emperor  of  C«Q- 
stantinople,  and  his  subordinate  rnlers. 

In  (he  Stite  Paper  office  at  Whitehall,  are  a  great  nanber  of  let* 
ters  from  eiiitern  princes  to  the  kings  of  England,  the  teab  if 
vhich  have  not  (he  likeness  of  any  thing  impressed  opoo  tliem,  hat 
ar«  inscribed  wi(h  moral  sentences.  This  castom  is  not  pecalbr 
alone  to  (he  princes  who  profess  the  Mahometan  religioo,  bit  ii 
common  all  orer  the  Elast. 

A  ]et(er  from  Shah  Soleiman,  King  of  Persia,  to  King  Cbarlc9 
the  Second,  was  inclosed  in  a  silken  bag,  at  the  mouth  of  which  it 
a  signet  or  privy  seal  of  wax,  impressed  with  the  following  seotanei^ 
in  (he  Persian  language  and  characters,  which  are  thus  translaieA 
by  Dr«  Hyde :  ^^  Shah  Soleiman  is  the  servant  of  religion,  1607." 
At  the  bo((om  of  the  letter  is  the  great  seal,  which  is  stamped  ei 
printed  on  the  paper  with  ink*  Within  a  semicircle,  oo  the  apper 
part  of  the  seal,  is  this  sen(ence,  in  Persian ;  <'  HaTe  God  beCMt 
thine  eyep." 

Round  the  seal,  are  words  in  Persian  to  the  following  porport : 
^^  Praise  be  to  God  who  hath  bestowed  upon  us  his  senraats  the 
virtue  of  justice,  and  hath  turned  away  many  evils  from  the  snc- 
cessors  of  Mahomet  and  his  family." 

In  the  Centre  are  the  following  words :  ^^  This  is  from  Soleinaiy 
and  it  is  in  the  name  of  God  gracious  and  merciful,  1668." 

The  seal  of  the  Emperor  of  Morocco,  stamped  or  printed  on  a 
letter  from  him  to  Queen  Anne,  written  in  the  year  1706,  is  in* 
scribed  with  words,  in  the  Arabic  language  and  characters,  to  the 
following  purport :  ^^  The  servant  of  the  majesty  of  the  mighty  ua. 
der  God.  Aly  Ben  Abdallah  El  Hamamy  whom  God  estabUsh." 
In  my  collection  arc  two  seals  of  the  present  great  Lama  of  Tar* 
tary,  inscribed  with  characters  nearly  Shanscrif.  There  are  also 
in  the  Bodleian  and  Sloanian  libraries,  and  at  the  India  Hovsi^ 
many- seals  of  Ai^iatic  princes  and  potentates,  inscribed  with 
tences  *. 


■•iv 


*  Pliny,  lib.  xxii.  chap.  1.  informs  us,  that  the  oriental  natioes^  and  Ihs 
Ef^vp(inns  made  use  of  Irtterj  only  upon  their  signets.  The  iodustriooi  aiiffca^ 
of  the  NouTeau  Troiti  de  Deplonsatiqiie  (vol.  iv.  p.  75}  my,  that  the  aodeat 
kiofs  of  Persia  and  the  TurUih  emp«ron  did  the  like.    The  learaedl  aUMi  tf 
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If  Oil  vt  kad  bMi  a  new  diMsovery  ia  Ui  five,  I 
Wbif  kive  co«»eiMrmted  it,  »  well  as  tihe  otker 
■■sfe^  Ike  ;  Bor  b  tbere  maj  ivuob  to  suppose,  ^bmt  God  wsc  die 
lMC<Hate  retealer  of  tke  art ;  for  Mo«et  oo«id  aewr  Isve 
tod  to  hate  recorded  tbe  hvtoiy  of  so  iaportant  m 
ia  tha  aitaiorj  of  it  would  hare  been  one  of  ike  ^^tnmgat  bartiefs 
^prinat  idolatrj. 

It  ii  incnsbent  on  as  to  mention,  tkat  aevend  respecfaUe  pro- 
anthon,  attribate  tbe  disoorerjr  of  letters  to  tbe  g««ds,  or  to 
^Tine  BMo.  Plato  delfren  his  seatimentit  Terj  piaio' j  *  npon 
Ilia  aab|eeL  EaiN^  fw>7ai  mireict/9  xarsTTifrsw  ars  ri^  9t9;  an  wn 
6Mf  Aydfctfi^-.  The  same  antbor,  in  bis  PaiBdras,  Bskes  tbe 
|oi  Tbentb  or  Mercnrj,  the  ioTentor  of  letters.  Diodoma  Sicnlos 
toito  na,  tbat  Mercary  inrented  tbe  first  characters  of  vritio^^,  aad 
tngit  aien  the  rodhaeots  of  astrononj  f  ;  and  Cicero,  in  bis  Tasc 
QnaaL  !&•  i.  ddirers  hb  opinioo  npon  tbb  sal^ect  in  die  following 
wnffda:  ^Qaidiliarb,  qas  tandem  est,  que  inrestigat  occalto ? 
ant  ^ni  aonoa  vocb,  qui  in6niti  ridebantnr,  paodt  Mteraram  notis 
torminavit? — Pbilosophia  rero  omniam  mater  artiwa,  qnid  est 
aiindy  nisi,  nt  Plato  ait,  donom,  nt  e^  inrentnm  Deoma  ?"  Tbe 
mmt  aatbor,  in  hb  Natnra  Deoram,  lib.  iiu  sajs,  tbat  Hermes  or 
Ibe  iltb  Mercnry,  whom  the  E^^rptians  called  Tbotb,  first  eommn. 
Seated  letters  to  that  people.  The  Gentoos  aflirm,  diat  letten 
Wffc  comnninicated  to  their  ancestors  bj  tbe  Sapreme  Being,  whom 
tbsycall  Brahmah}. 

Altb«ingb,  from  these  authorities,  we  maj  infer  diat  the  art 
af  Vtidng  b  of  ^eat  antiquity,  yet  they  discOTer  to  os  that  tbe 
ndanta  bad  Tery  imperfect  ideas  of  its  tme  origin ;  for  PbUo 
laytf  y  **  that  some,  when  they  conld  not  anrard  a  diifieolty, 
trangbt  down  a  %od,  as  in  a  machine,  to  cut  the  knot :"  and  the 


flMaial^  Moiifieiir  da  Pin,  ia  bH  UaivCTial  Historical  LnMaty,  p.  «1,  lapporci 
gjjegf  MH^inrifi ;  aiul  adiis,  that  there  it  an  ioiaite  wamhtt  of  aocieot  aod  m^- 
4ig^gloilctth«  rDgraven,  which  were  osed  forsigoetv.  That  signets  were  aseil 
k;  the  Hebrews,  before  they  went  into  Ezypt,  we  learn  frooi  Gen.  chap, 
nzviii.  ▼.  18,  where  it  appears,  that  Jadah  jjavc  Thaaar  bis  signet,  kc. : 
•■d  it  is  fCMonable  to  wppose,  that  this  signet  was  siaular  to  those  asc4  hy  the 
Iwadhci,  and  the  other  nrighbooriog  nations. 

*  lee  Tol  ii.  p.  18 ;  edit.  Serran. 

f  Lib- i.  sect.  1. 

X  See  Ifr.  Hathed*s  preface  to  the  Qentoo  Laws. 

^  Ste  the  Cratylis  edit.  Else.  p.  991. 
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kftroed  bishop  of  Oloocester  obsenret,  that  the  ftndentf  giTe  w- 
thing  to  the  gods,  of  whose  original  thej  had  any  records;  M 
where  the  memory  of  the  invention  was  lost,  as  of  seed  com,  wise, 
writing,  civil  society,  &c.  the  gods  seized  the  property,  by  Ikt 
kind  of  right  which  gires  strays  to  the  lord  of  the  manor  *• 

The  holy  scrtptiires  baring  left  this  subject  open  to  invettigjitioai 
and  the  prophane  writers  having  given  ns  nothing  satisfactory  opaa 
it,  we  are  at  liberty  to  pursue  our  inquiry  into  the  origin  of  let« 
ters  ;  but,  in  order  to  qualify  ourselves  for  this  task,  it  maybt 
proper  to  enter  into  a  philosophical  contemplation  of  the  natare  of 
letters,  and  of  their  powers,  which  will  best  enable  ns  to  discover 
the  true  origin  of  their  invention. 

A  Httle  refl«>ction  will  discover,  that  men,  in  their  mde  nocalti- 
vatrd  state,  had  neither  leisure,  inclination,  nor  inducement,  la 
cultivate  the  powers  of  the  mind  to  a  degree  sufficient  for  the  far- 
mation  of  an  alphabet ;  but  when  a  people  arrived  at  sock  a  state 
of  civilization,  as  required  them  to  represent  the  conceptions  of  the 
mind  which  had  no  corporeal  forms,  necessity,  the  mother  of  invta- 
tion,  would  occasion  further  exertions  of  the  human  facnltiea,  aad 
would  urge  such  a  people  to  find  out  a  more  expeditions  nanaer 
of  transacting  their  business,  and  of  recording  their  events,  tkaabj 
picture.writing;  for  the  impossibility  of  conveying  a  variety  if 
intellectual  and  metaphysical  ideas,  and  of  representing  ionds  hf 
the  emblematic  mode  of  writing,  would  naturally  occur,  and  thne* 
fore  the  necessity  of  seeking  out  some  other  that  would  be  mm 
comprehensive,  would  present  itself. 

These  exertions  would  take  place  whenever  a  nation  bcgaa  (a 
improve  in  arts,  manofactures,  and  commerce ;  and  the  more  fs« 
nius  such  a  nation  had,  the  more  improvements  would  be  made  ii 
the  notation  of  their  language,  whilst  those  people  who  liad  ntdt 
less  progress  in  cirilization  and  science,  would  have  a  less  perfect 
system  of  elementary  characters ;  or  would  for  ages  advance  at 
further  in  this  art,  than  the  marks  or  characters  of  tlie  Ckintsef* 
Hence  it  results,  that  the  business  of  princes,  and  the  manuihetarcl 


•  Bishop  Warburtoo*s  Divine  Lefation,  vol.  iil.  p.  62. 

f  If  it  sh6uld  be  asked,  why  the  Chinese  still  adhere  to  the  ancient  BMde  ff 
wriiioK  I  it  may  be  answered,  that  their  adherence  to  arbitmry  marks  ftn><'> 
and  still  contlnaes  to  form,  a  part  of  the  civil  aad  religiow  policy  of  tkfif 
coantry  |  in  the  same  manner  at  the  prohibition  of  printiaff,  forvi  a  parttf 
the  civil  poUcy  within  the  dominions  of  the  emperor  of  Coastaatiaoiple. 
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:e  ofeauh  country,  prodaced  (he  necessity  of  deriving 

fipeditioDs  manner  of  communicatiitg  infufmatian  to  (beif 

I  Mhjects,  or  cotnmercial  correspondents  at  a  distance.     Such  an 

tuproT'eineat  uas  of  the  greatest  use,  not  only  to  the  sovereign 

■nd  the  siatesman,  but  to  the  manufiiclurer  Bnd  the  mprc^aot. 

Weihall  for  the  present,  otDit  the  menlion  of  several  tnudes  of 
writiog  which  were  practised  by  did'ereut  nations,  in  the  course  of 
tbeir  progrris  towards  ciTJIization,  because  such  accounts  would 
more  properly  come  under  the  history  of  the  writing  of  each  coun- 
try ;  particularly  under  that  of  I^gypt,  whose  inhabitants  displayed 
erery  species  of  writing  in  the  course  of  their  improrcnipnts.  At 
preseot  we  shall  pursue  that  part  of  our  inquiry  which  relates  to  the 
formation  ofsn  alphabet. 

Let  us  then  in  this  place  jiiat  premise,  that  arbitrary  marks  ara 
of  dilTerent  kinds.  First,  those  used  by  the  Chinese ;  many  of 
which  were  origiually  picture.characters.  Secondly,  tliuse  used 
by  the  Dotarii  amongst  the  ancieuts,  and  by  the  pri-sent  short.hand 
writers  ;  and  thirdly,  marks  for  sounds  ;  such  as  elcuienlary  cha- 
racters or  letters,  and  musical  notes. 

The  tnarki  of  the  Grsi  and  isecond  kind  are  very  numeroDi,  »t 
will  appear  brreafter ;  those  of  the  third  are  Ter/  ^w,  h  will  pre- 
[  Hotly  be  demonstrated. 

1  It  seems  obtiou^,  that  whilst  the  picture  or  hieroglyphic  pre. 
HDted  itself  to  the  eight,  the  writer's  idta  wns  conttned  (u  the  figure 
or  object  itself;  but  when  the  piL'ture  was  contracted  into  a  mark, 
the  sound  annexed  to  the  thing  si^nilied  by  such  mark,  would  be. 
e  familiar ;  and  when  the  writer  reflei^ted,  huw  small  a  number 
I  of  sounds  he  made  use  of  in  spi'ech  to  express  all  his  ideas,  it 
would  occur,  that  a  much  fewer  number  of  marks  than  he  had  been 
[  accustomed  to  use,  would  be  sufficient  for  the  notation,  of  nil  the 
'wuuda  which  he  could  articulate,  I'hese  consideiotions  would  in- 
~*fh)Ce  him  to  reflect  on  the  nature  and  power  of  souuds;  and  it 
JVeuld  occur,  that,  sounds  being  the  matter  of  audible  language, 

lem  must  be  the  elements  of  words. 
,   Arintotle  ju'lty  ubserris,  ''  that  words  are  the  marks  of  thoughts; 
d  letters,  of  words."     Words  are  sounds  significBrit,  and  letlcii 
Ke  marks  for  such  sounds  '*, 
The   learned   nutlior   of   Hermes    above   quoted,  informR   usl, 

•  Set  Latd  BuoDs  Work,  hj  Sliaw,  vol.  i. )).  137. 
t  B<«>k  iii.chap.  8.  p.  33*. 
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(<  That  to  about  twenty  plain  elementarj  sounds,  wo  owe  tlutn. 
rietj  of  articulftte  Toicet  which  hare  been  sufficient  to  ezpUin  tka 
sentiments  of  so  innumerable  a  multitude,  as  all  the  present  sad 
past  generations  of  men." 

As  there  are  but  a  small  number  of  marks  for  aoaods,  called 
nott'S  in  music,  so  there  are  but  a  small  number  of  distinct  articilati 
sounds  in  every  language.  In  diflferent  languages  their  nvnber 
dill'ers ;  and  there  are  but  few  sounds  in  any  two  languages  that  ars 
exactly  the  same;  although  by  the  great  intercourse  between  tin 
European  nations,  the  sounds  of  different  languages  daily  assimilate. 

Mr  Sheridan  says,  that  the  number  of  simple  fonmla  in  ear 
tongue  is  tvienty.elght*.  Dr.  KenriclL  says,  we  haTO  defft 
distinct  species  of  articulate  sounds,  which,  even  by  coiitnietieai| 
prolongation,  and  composition,  are  increased  only  to  the  nnmber 
of  sixteen  ;  every  syllable  or  articulate  sound  in  our  lang«agi| 
being  one  of  this  number  f  •  Bishop  Wilklus,  and  Doctor  WiUia 
Holderj  speak  of  about  ^hirty.two  or  thirty-three  distinct  aoBndli 

It  has  been  said,  that  among  the  Greeks  and  Romans^  their  writ, 
ten  alphal)et  exactly  accorded  to  the  several  oistinct  soondi  and 
modee of  articulation  in  their  languages;  so  that  each  sound  had 
its  distinct  mark,  by  which  it  was  uniformly  and  iovariablj  vepffC^ 
sented.  Ten  sin^ple  marks  or  characters,  have  been  found  sefi* 
cient  for  all  the  purposes  of  numerical  calculations,  which  juIsmI 
to  infinity. 

Seven  notes  comprise  the  whole  of  music :  these,  bj  their  ^ 
ferent  arrangements,  produce  that  variety  of  harmony  which  we  sa 
justly  admire.  If  we  would  ascend  higher  than  eight  BOlet|  we 
only  begin  another  series  of  the  same  distances.— Again,  the  scale 
doth  not  admit  of  a  division  into  equal  parts :  this  must  correspond 
with  the  laws  of  sound  :  as  every  piece  of  music  is  but  these  notes 
varied,  it  must  come  to  a  close  in  the  lowest  note,  or  its  octave. 

It  is  evident,  that,  from  the  confined  nature  of  the  organa,  the 
simple  natural  sounds  to  he  distinct  must  be  few  3  and  tliovgh  ar* 
tifice  or  affectation  may  invent  a  greater  variety,  they  nnst  lie  de- 
ficient in  precision  as  they  increase  in  number.  Indeed,  then  are 
several  sounds  proceeding  from  inanimate  objects ;  as  the  murmir- 


*  JBee  Sheridan's  Rhetorical  Gnunnar,  prefixed  to  bis  Dictionary,  priatetf 
at  LondoD  lo  1780. 

f  See  Dr.  Kciur ick*i  Rhetorical  Granunar,  prefixed  to  bra  Diccionuy. 
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ing  of  a  itream,  ftc  that  are  not  adapted  to  the  bomao  orgaos  oT 
utterance. 

It  would  be  digressing  too  far  from  our  subject,  to  enter  into  a 
ditcnssion  coneeming  the  number  of  H>unds  that  are  known  to 
czitty  nor  is  this  necessary ;  for  as  sounds  are  few,  the  marks  for 
need  not  be  manj ;  but  marks  for  things  are  Terj  nome. 


It  it  boweTer  requisite  for  our  readers  to  distinguish  between  tU 
sMe  and  audible  language.  This  distinction  is  justlj  made  by  St. 
Avgustine  in  the  following  words :  *'  Signa  sunt  Terba  Tisibtlxa, 
verbft  sIgna  aodibilia.'* 

The  articulate  sounds  of  Tocal  or  audible  language  are  resolrable 
Mo  sentences,  words,  and  syllables ;  and  the  analysis  of  language 
iaCo  elementary  sounds,  seems  first  to  hare  led  to  the  Inrention  of 
qradbolfl|  or  marks,  for  mental  conceptions.     This  inTention  must 
ftave  taken  place  much  about  the  time  that  men  began  to  reform 
Ifce  baibarous  jargon  they  first  spoke,  and  form  a  language ;  for 
wliicli  purpose,  the  knowledge  of  elementary  sounds  and  their 
powers,  was  absolutely  necessary.     The  progress  in  this  science, 
•a  kas  been  already  obserred,  most  have  been  by  degrees  men 
wotM  begin  no  doubt,  by  distinguishing  the  sound  of  one  word 
from  that  of  another, — this  irould  not  be  difficult ;  then  they  would 
reaolfo  words  into  syllables,  which  would  not  be  so  easy :  but  It  Is 
Rkeij  that  they  stopt  there  for  a  long  time,  perhaps  for  ages,  be* 
Rot  tbey  came  to  the  last  resolution  of  syllables  into  the  distinct 
NMuda  of  which  they  are  composed.     This  was  a  very  extraor. 
■nrjr  work  of  art,  which  could  only  be  performed  by  those  who 
had  Goosidered  the  laws  of  sounds ;  and  could  not  be  the  result  of 
teace,  as  some  speculatists  have  imagined ;  for  this  was  in  fact, 
ht  decomposition  of  a  language  into  the  sounds  of  which  It  was 
jovpused* 

Tbe  next  step  towards  the  notation  of  language,  would  be  the 
Idinefttfon  of  ar  separate  mark  or  letter  to  denote  of  stand  for  each 
omd ;  which  marks  though  few  in  number,  would  admit  of  so 
;fMt  a  Tariety  of  arrangements  and  combinations,  as  would  be  ca- 
lable  of  producing  an  infinity  of  articulate  sounds,  sufficient  for 
he  composition  of  syllables,  words,  and  sentences ;  and  conse* 
lecBtly  for  the  notation  of  language. 

That  able  mathematician  Tacquet  informs  us,  that  the  rarious 
toBibinations  of  the  twenty.four  letters  (without  any  repetition) 
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irill  troount  to  620,448,401, 733,239«439,360»000.  Thiu  it  U 
eridcnt,  that  twenty.fuur  letters  will  admit  of  an  infinity  of  combi- 
nations  and  arrangegients,  sul&cient  to  represent  not  only  all  the 
conceptions  of  the  mind,  but  all  words  in  all  languages  whateter. 

It  is  easy  to  conceive  the  a^toni  hatent  of  the  human  mind|  it 
the  first  discovery  of  the  doctrine  and  powers  of  combinations, 
which  immediately  led  to  the  composition  of  written  language,  by 
the  assistance  of  a  small  number  of  marks  or  letters  ;  though  the 
transferring  of  ideas  by  these  means  from  the  ear  to  the  eye,  was  a 
Tcry  extraordinary  effort  of  the  human  mind ;  yet  if  we  sappoie 
that  the  analysis  of  the  sounds  oflanguage  was  already  made,  it  wis 
no  more  than  finding  out  marks  for  what  was  known  t)efore: 
and  we  ha?e  already  shewn,  that  symbols  were  in  general  lie 
among  mankind,  before  they  knew  the  use  of  letters  ;  and  there- 
fore the  intention  of  the  latter,  was  nothing  more  than  the  traai. 
feriing  the  former  method  of  representation,  to  the  elements  of 
sound.  If  the  notation  of  music  had  been  invented  before  letten, 
ifhich  mi^ht  have  happened,  the  discovery  would  have  been  jast 
as  great  as  that  of  letters. 

As  there  are  more  sounds  in  some  languages  than  in  others,  it 
follows  of  course  that  the  number  of  elementary  characters  orkt« 
ters,  must  vary  in  the  alphabet:)  of  different  languages*  Tlie  lie* 
brew,  Samaritan,  and  Syriac  alphabets,  have  twenty.two  letters ;  the 
Arabic  twenty-eight;  the  Persic,  the  Egyptian  or  Coptic,  thirty* 
two ;  the  present  Russian  forty.one ;  the  Shanscrit  fifty ;  the  CSash. 
mirian  and  Malabaric  are  still  more  numerous. 

Mr.  Sheridan  observes,  that  our  alphabet  is  ill  calculated  for  the 
notation  of  the  English  tongue,  as  there  are  many  sounds  for  which 
we  have  no  letters  or  marks;  and  there  ought  to  be  nine  more  cha- 
racters or  letters  to  make  a  complete  alphabet,  in  which  every 
bimple  sound  ought  to  have  a  mark  peculiar  to  itself.  The  reason 
of  the  deficiency  is,  that  our  ancestors  adopted  the  Roman  alpha, 
bet  for  the  notation  of  our  language,  though  it  was  by  no  means 
snited  to  it. 

Every  alphabet  is  to  be  considered  as  the  elements  of  wordSi 
wherever  it  may  be  received  by  compact;  fur  our  readers  most 
not  furget,  that  all  words,  as  well  as  symbols,  letters,  or  elements 
of  words,  are  significant  only  by  habit  or  agreement. 

As  focal  or  audible  language  is  resolvable  into  sentences,  words. 
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tad  sylltbles ;  to  writteo  or  visible  language  is  oompoted  of  lettert^ 
ajllables,  words,  and  )i<'nt«>nce8. 

A  l«*ttrr  b  an  arbitrary  niarl&,  made  to  signify  or  stand  for  a  par. 
ticiiUr  sound  significant  by  compact ;  and  may  Km  properly  termed 
m  omutIl  for  a  certain  known  sound* 

A  df*termtnafe  or  established  number  of  tbet«>  marks,  constitutes 
tlie  elements  or  alphabet  of  written  language.  The  combinations 
and  arrangements  of  these  elements  or  letters,  as  settled  by  con* 
nent  or  compact,  compose  the  written  iau^nages  of  cifilised 
nations. 

The  first  step  towards  the  composition  of  written  language,  b  to 
aanvey  an  idea  of  some  sound  ;  either  by  a  single  mark  or  charac 
trr,  or  by  writing  two  or  more  of  th«  m^  which  form  a  syllable :  oae 
armore  of  these  syllables  make  a  word  ;  which  is  a  toice  articulate, 
aad  significant  by  compact :  a  sentence  is  a  compound  quantity  of 
taands  significant ;  ot  which  cer'aio  parts  are  tbemselTea  also  sig. 
aificant :  seteral  words  make  a  sentence,  and  se? eral  sentences  a 
owBioir  or  discourse. 

Writing  then,  may  be  defined  by  the  art  of  exhibiting  to  tbe 
tiglht  the  conceptions  of  the  mind,  by  means  of  marks  or  characters 
rigaificant  by  compact  of  the  sounds  of  language,  which  enable  as 
ta  transfer  ideas  from  the  eye  to  the  ear,  and  vice  vena. 

Thus  it  has  been  shewn  bow  ideas  may  become  tlie  objects  of 
viiion,  and  be  exhibited  to  the  eye  in  ley^ible  characters;  and  that 
tka  notation  of  language  ma}  be  performed,  by  making  a  safident 
aamber  of  marks  for  sounds,  and  by  arranging  and  combiaing  tiKm 
properly. 

The  elements  of  all  written  language  are  difided  intoTOweb  aad 
aoasonants ;  the  former  of  which  b  defined  to  be  a  simple  artica." 
lata  sound,  uttered  by  a  single  impulse  of  the  voice,  aad  forming 
aa  articulate  sound  by  itself ;  whereas  a  consonant  fonas  ao  arts- 
calate  sound  of  it>elf,  but  only  assists  in  forming  a  sound* 

The  vowels  were  probably  inrented  fir%t,  bat  the  coasoaaats 
fona  the  body  ol  Unguage,  and  are  properly  tenaed  the  boaes  aad 
jiaews  thereof. 

The  consonants  are  difided  into  mutes,  aad  liquids,  which  will 
seldom  join  together  in  the  same  syllable ;  nor  will  any  two  of  the 
mates  associate  in  a  s)  liable,  either  ia  English  or  in  Latin*  There 
are  some  exceptions  as  to  the  assodatioa  of  mates. 

fhe  first  composition  of  written  laagnage,  b  of  letters  lato  iyU 
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tables  ;  bot  It  Is  obserrable,  that  all  letters  will  not  compound  with 
mil ;  the  towels  will  not  only  mix  with  each  other,  or  form  diph* 
thongs ;  but  they  will  compound  in  syllables  with  all  the  conso. 
nants  so  called,  because  they  sound  in  company  with  the  vowels. 
But  this  does  not  hold  of  (he  consonants  \iith  respect  to  one  ano- 
ther; for  only  some  of  them  ^sound  together  in  syllables,  whilst 
others  cannot  associate  together  in  that  way  ;  the  reason  of  which 
is,  that  the  configuration  of  the  mouth,  and  the  action  of  its  or- 
gans, are  so  different  in  the  pronunciation  of  some  of  them,  that 
they  cannot  be  joined  together  in  the  same  enunciation,  Dor  with* 
out  some  rest  or  pause  betwixt ;  so  that  there  must  be  time  to  gite 
a  different  configuration  and  action  to  the  organs ;  whereas,  when 
the  pronunciation  is  not  so  different,  the  sounds  may  be  so  run  to. 
gether,  as  to  incorporate  in  one  syllable  ;  and  in  this  way,  five,  or 
even  six  consonants,  may  be  joined  in  the  same  syllable,  as  io  the 
English  word,  strength. 

The  next  composition  of  articulate  sounds,  is  of  syllables  into 
words;  and  the  better  the  composers  of  such  words  were  ac 
quainted  with  the  nature  and  harmony  of  sounds,  the  more  harmo* 
nious  would  be  their  written  language.  On  the  contrary,  a  defl. 
ciency  in  the  knowledge  of  sounds,  is  a  considerable  obstrnctioD 
to  the  discovery  of  what  consonants  will  incorporate  with  each 
other  ;  and  from  this  ignorance  proceeds  that  redundancy  and  so. 
perfluity  of  letters,  which  Is  conspicuous  in  many  languages. 

It  is  observable,  that  many  of  the  consonants^  which  admit  of  a 
junction  in  the  same  syllable^  do  not  produce  harmonious  sounds. 
In  truth,  the  manliness  or  effeminacy,  the  harmony  or  harshness,  of 
a  written  language,  will,  in  a  great  measure,  depend  on  the  proper 
or  improper  junction  of  letters  in  syllables.  The  proper  arrange, 
ments  and  combinations  of  letters,  constitute  that  branch  of  science 
called  grammar,  which  consists  of  four  parts ;  namely,  orthography, 
prosody,  etymology,  and  syntax. 

Grammarians  divide  language  into  what  they  call  parts  of 
speech ;  but  they  differ  as  to  the  number  of  the  parts,  of  whid 
speech  is  composed.  Mr.  Harris  clearly  shews,  that  all  words 
whatever,  are  either  substantives,  definitives,  attributives,  or  con- 
nectives; the  substantives  may  be  called  nouns;  the  attributives, 
verbs;  the  definitives,  articles;  and  the  connectives  conjunctions. 
As  to  the  pronouns,  adverbs,  prepositions,  and  interjections,  he  is 
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•r  opinion,  that  they  must  be  found  included  within  (he  gpcciet 
■bavvtneDttoned. 

8FCT10N   III. 

l^Mtiquity  of  tVriling,  and  the.  Claimt  of  different  Nationt  t» 

W  the  Honour  of  Us  Invention. 

The  art  of  writine;  is  oi  great  antiquity,  and  the  writteG  annals  of 
racirnt  Dflii'iiift  are  to  trnperfert  or  fabaloas,  ihat  il  will  be  ez- 
Irrmely  difficult  to  deride  to  what  nntion  or  p^o^ile  tlie  lionour  of 
Ihr  rnTentiiin  belongs;  for,  as  Sir  Isaac  New(ou  juitly  obscrTCi, 
'*  thew  n  Ihe  ntmoRl  uncert;iinty  in  the  chronology  of  ancient 
kingdoms,  arisini;  front  (hcTanity  of  each  in  claiming  the  greatest 
BBliqutly.  while  those  pieiensioiis  were  faToun-d  by  their  haying 
BO  enct  accounts  of  time." 

It  tmfi  a1rt4i!y  been  obserTeil,  that  letters  were  the  produce  of  a 
certain  deeree  of  civilliition  among  mankind  ;  and  therefore  it  il 
most  probable,  thai  we  shalt  iil)iaiii  the  best  Information,  by  having 
recourie  to  the  hiNtury  of  (hose  nations  who  appear  to  bare  been 
first  civilized. 

EtvpTiAsa. 

Asagreat  number  of  authors  have  decided  in  favour  of  the 
Egyptians,  who  Imre  an  undoulited  claim  to  an  early  civilization, 
wt  shall  begin  cur  inquiries  with  that  people;  and,  as  tlii'y  dis. 
played  every  species  of  writing  in  the  course  of  their  improve. 
nenb,  we  ahall  pursue  the  thread  of  their  history,  which  will  reflect 
considerable  light  on  what  ha<  been  already  advanced. 

Dr.  Warburton,  bishop  of  Gloucester,  affirms,  (hat  the  Egyp. 
tia«s  were  the  first  people  who  discovered  the  knowledge  of 
Ike  divine  nature;  and  amuiii^st  the  lirst  who  taught  the  im. 
■torblity  of  the  soul*.  In  another  |>hce  he  gives  us  ao  account 
«f  the  aUte  of  their  lenrniiig  and  snpersiitions  in  (he  time  of  .Moses. 
li«  coiitinds,  that  Egypt  was  the  parent  of  all  the  learning  of 
Greece,  and  was  resorted  to  by  the  Grecian  legislators,  naturalists, 
and  philosophers,     'Ihe  snme  prelate,  with  great  erudition,  and 

•  Diiiae  Lc^t.  of  Moki,  vuI.  i.  p.  I65|  vul.  il,  p,  100  lu  105;  vol,  iii.  p, 
IT  (  Ibid.  p.  SS  ID  39.  We  are  uidebled  to  lki«  prelate  for  {real  imrt  of  what 
•■  kcrc  said  or  (he  Egjpliaas. 
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itnafdi  of  acfiuwiit,  cndeaTosn  to  prove,  that  Egjpt  wis  pfOb 
bablT  oos  of  the  fint  ciTiIissd  cooatries  on  the  globe. 

Li  order  to  ^ve  the  n!i(Jer  a  clear  idea  of  the  seTeral  kiods  cf 
E^pCua  wrido^y  Lt  will  be  proper  to  obs*  rre,  that  this  writing  wn 
of  foor  hiods.  The  £rsc»  hieroglyphic  ;  the  second,  symbolic  $  As 
third,  rpistolic ;  and,  the  fiiarth,  and  last,  hierogrammic, 

Ptirpayrr  \  speaking  of  Prthagoris,  inforas  as,  <•  That  he  so* 
jooroed  with  the  priests  in  Egypt,  and  learnt  the  wisdom  and  Uub 
gna^  of  the  country,  to^^wther  with  their  three  sorts  of  letteis; 
the  epistolic,  the  hiero^yphic,  lai  the  symbolic }  of  which,  ths 
hieroglyphic  expressed  the  OKanta^  of  the  writer,  by  an  ImifalioB 
or  picture  of  the  thing  intended  to  be  expressed  ;  and  the  symboliCi 
by  allegorical  eoigvas.**  Clemens  Aleaandrinus  u  larger  and  moit 
eaplicit — ^  Now  those  who  were  instrncted  in  the  Egyptian  wis. 
don,  learnt,  first  of  all,  the  method  of  their  seTeral  sorts  of  letten; 
the  irst  of  which  b  called  epistolic ;  the  second,  sacerdotal,  ss 
being  nsed  by  the  sacred  scribes ;  the  last,  with  which  they  coo. 
dnde  their  instructions,  hieroglyphical.  Of  these  different  ask 
thods,  the  one  b  in  the  plain  and  commoD  way  of  writing  by  tlM 
first  elements  of  words,  or  letters  of  an  alphabet ;  the  other,  by 
syoibols.  Of  the  symbolic  way  of  writing,  which  is  of  tbres 
kinds ;  the  irst  is,  that  plain  and  common  one,  of  imitatiog  ths 
fiignre  of  the  thing  represented  ;  the  second  is,  by  tropical  marks; 
and  the  third,  in  a  contrary  way,  of  allegoriiing  by  enigmas. 

Of  the  first  sort,  namely,  by  a  plain  and  direct  imitation  of  tlM 
figure,  let  thb  stand  for  an  instance: — to  signify  the  sun,  thry 
made  a  c'rcle  ;  the  moon,  a  half  circle.  The  second,  or  tropiml 
way  of  writing,  b  by  changing  and  transferring  the  object  vitb 
justness  and  propriety  :  thb  they  do  sometimes  by  a  simple  change, 
sometimes  by  a  complex  multifarious  trsnsformation ;  thus  they 
have  cngraTt  n  on  stone  aud  pillars,  the  praises  of  their  kings,  niu 
der  the  coTer  of  theologic  fables.  Of  the  third  sort,  by  enigmss, 
take  this  example ;  the  oblique  course  of  the  stars,  occasioned  their 
representing  them  by  the  bodies  of  serpents;  but  the  sun  they 
likened  to  a  scarabxus,  because  thb  insect  makes  a  round  ball  tt 
Beast's  dung,  and  rolb  it  circularly,  with  its  face  opposed  to  thst 
luminary." 

These  two  learned  Greeks,  though  not  quite  correct  in  their  dew 

*  De  Vha  P^ihag.  cap.  zi.  p.  15. 
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JSnitioni  of  writing,  proTt?,  (hat  the  se? eral  kinds  ■boremcDtioiied 
were  uieii  by  the  E^yiilians.  Indeed,  thej  reckon  but  three  kinds  of 
writing,  when  in  fant,  (here  were  four.  Porphyry  names  only  thre« 
flOTt^,  epislolic,  hieroglyphic,  and  symbolic:  andthii  wasnot  niHch 
BmiM;  bei'Auee  the  Tourth,  the  hierogramoiic  or  sacerdotal,  not  il'tf- 
fering  from  the  epistolic  in  its  nature,  he  comprised  it  under  (he 
(eneril  term  ort'pli'.olir.. — II  is  obseriable,  that  Porphyry  Judict. 
ously  omits  lo  explain  epislolary  ivriting,  as  supposing  it  to  be  well 
known :  but  Clement  add^  to  epialolic  the  hierogrammic,  which 
was  alphabetic,  but  being  confined  to  the  use  of  the  priests  was  not 
■o  well  known;  he  with  equal  judgment  explains  the  nature  of 
these  characters. 

The  Riiyplians,  as  hath  been  obserTetl,  in  the  most  early  ages, 
wrote  like  all  other  inraii(  nations,  by  pictures ;  of  which  rode  ori. 
^nal  essays  some  traces  are  ye(  remaining  amongst  (he  hieroely. 
phics  of  Horapollo,  who  tells  us,  tha(  (be  ancient  Egyptians  painted 
Oman's  two  feet  in  water  to  signify  a  fuller  ■  and  smoke  ascending 
j|0  denote  Qre*.  liut  to  render  this  rude  iiiTention  less  incommo. 
jdious,  they  soon  demised  the  more  artful  and  expeditious  way  of 
pnlting  the  principal  part  for  the  whole,  or  by  putting  one  thing  of 
iivtembling  qualities  for  another.  Tlie  former  was  the  curiologic 
'hieroglyphic;  the  latter,  the  tropical  hieroglyphic  ;  which  la  it  was 
•  gradual  improTement  on  the  lirst,  as  appears  both  from  the  nature 
^tf  the  thing,  and  from  the  records  of  antiquity  i. 

These  alterations  in  the  manner  of  delineating  hieroglyphic 
ligure<,  produced  anil  perfected  another  character,  which  hath  been 
,^l|wi  the  ratining  hand  of  hi-  roglyphics,  resembling  the  Chinese 
writing,  which  haring  been  6tst  formed  by  the  outlines  of  each 
'fan re  7,  became  at  length  a  kind  of  marks :  the  natnral  eiTecta  of 
which  were,  that  the  constant  use  of  them,  would  take  off  the  at. 
tentioQ  from  the  symbol,  and  fix  it  on  the  thing  signified  ;  by  which 
the  study  of  symbolic  writing  would  be  much  abbreviated^ 
e  the  w  rittr  or  decyphercr,  would  have  then  little  to  do,  but 


■  Ub.  i, CS5;  Lib.  i).  c.  16. 

4  Many  instancrt  of  ibii  kind  aiay  tie  found  in  Honpollo,  lib.  I.e.  I4as9 
M     Plutarch  1i.andO«ir.    Diod,  Sic.  lib.  I. 

t  The  Inquiiillie  rmdcr,  by  coin|iaiiDg  Kirchrr'i  Accounl  of  Egjjitian  Hie- 
laglfpbiGiwithihoaepublliilied  by  Purcluu,  will  find  (bai  ibc  former  ciaclly  re- 
^■ble  (be  Meilcan,  not  only  in  Ilieir  uie,  bill,  ai  Purcboi  (p.  tlO)  anil  Olodorv 
HculM  Cp.  1«)  ny,  in  Iheir  form  and  Bgurc 


I 
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to  remember  the  power  of  the  symbolic  mark :  whereas  before,  fte 
properties  of  the  thing  or  animal  delinrated  were  to  be  learnt 
Thisy  together  with  their  other  marki  by  institution  to  design  men- 
tal conception^,  would  reduce  the  characters  to  the  present  state  of 
the  Chinese*;  and  these  were  properly  what  the  ancients  call 
hterographical.  Dr.  Robert  Huntington,  in  his  accoant  of  the 
Porphyry  Pillars  tells  us,  that  there  are  >et  some  ancient  mom. 
ments  of  this  kind  of  writing  remaining  in  Egypt  f . 

A  pu  lei  us  X  describes  the  sacred  book,  or  ritual  of  the  Egyptians 
(as  partly  written  in  s}  mholic,  and  partly  in  these  hierogniphic  cha« 
racters  of  arbitrary  institution,  resembling  thu  Chinese)  in  the  fol- 
lowing manner.  ^'  He  (tne  hierophant)  drew  out  certain  books 
from  the  secret  repositories  of  the  sanctuary,  written  in  unknown 
characters,  which  contained  the  words  of  the  sacred  fonnala  con. 
pendiously  expressed,  partly  by  figures  of  animals,  and  pnrtly  by 
certain  marks  or  notes  intricately  knotted,  retoWing  in  the  manicr 
of  a  wheel,  and  crowded  together,  and  curled  inward  like  the  ten- 
drils of  a  fine,  so  as  to  hide  the  meaninc;  from  the  curiosity  of  the 
profane.*'  These  hierographic  characters  are  mixed  with  the  sym- 
bolic in  the  ritual  of  Apnleius,  and  in  the  Bembine  tables,  as  lika. 
wise  on  several  of  the  obelisks,  where  they  are  found  mixed  both 
with  the  proper  hieroglyphic  and  with  the  symbolic. 

That  letters  were  of  great  antiquity  among  the  Egyptians,  nay 
reasonably  be  supposed,  because  we  hare  indubitable  proofs  of  iSkm 
civilization  ;  but  there  is  strong  evidence  to  induce  us  to  believe 
they  were  not  the  first  inventors  of  an  alphabet. — Mr.  Jackson  ^| 
with  great  learning  endeavours  to  shew,  that  letters  were  not  !■• 
vented  or  carried  into  Egypt  by  Taaut,  or  Thoth,  the  first  flemes 
and  son  of  Misraim,  who  lived  about  five  hundred  years  after  the 
delude :  but  that  they  were  introduced  into  that  country  by  the 
second  Hermes,  who  lived  about  four  hundred  years  after  the 
former.  The  second  Hermes  is  by  Plato  called  Theuth,  who  abo 
styles  him  Counsellor  and  Sacred  Scribe  to  KingThanras.     Dio* 

*  These  arbitrary  roarksy  or  roarki  by  institutioD,  seem  to  have  led  the  way 
to  what  is  called  Note,  or  Short-hand.  The  notes  of  short-hand  are  moiks  for 
words,  and  the  notes  of  hieroglyphics  are  marks  for  things. 

f  See  his  Accoont  of  the  Porphyry  Pillan,  Philosoph.  Transact.  No.  clxi. 
p.  Oil. 

t  Mctamorpbotii,  lib.  ii.  where  he  speaks  of  his  initiation  Into  the  mysterict 
•f  Isis. 

^  SetChrondoficalAatiqiiities,  voLiii.p.93— 96. 


t  AWTiQUiTr  or  wRiTtNo.  367 

dmrat  rrlatn,  Ibat  tbis  b^yplian  Ilermes  wns  (he  in*en(or  of  grama 
mar  ami  music,  and  (hat  he  added  many  wordi  to  the  Egyptian 
btif ua;e :  that  he  iuTenled  lelli'rs,  rhythm,  and  liarmony  of 
•ttunda.  This  was  the  lltrmes  so  greatly  celcbrateil  by  the  Greek 
wrlleri,  who  kiipw  ito  ulder  Hermes  than  him. 
'  Mr.  Wise  *  \ai\*ls,  that  Moses  and  Cadmus  could  not  learn  th« 
alphabet  in  Egypt ;  and  that  (he  Egyptians  had  no  alphabet  in  their 
time.  He  adduces  aeieral  reaions  to  profe  that  Ihey  had  no  aU 
pbabet  (ill  ibey  reccired  what  is  called  the  Coptic,  ivhicb  was  inlro. 
dvccd  either  in  the  time  of  (he  Ptulomeys,  or  earlier,  under  Psania 
milicbui  or  Amasis:  and  these  letters,  which  arc  the  oldest  alpha> 
b«t!c  cbiracfers  uf  the  Egyptians  that  can  now  be  produced,  ar* 
pit  inly  derived  from  the  Greek.  Itseems  to  us,  (bat  if  the  E^fp- 
lisna  aacd  letters  before  the  time  mentioned  by  Mr.  Wise,  thejr 
vera  probably  tlie  characters  of  tbeir  neighbours  the  Pheniciani. 

HrKidalns,  the  must  ancient  Greek  historian,  whose  works  hav* 
pncbed  iM'f',  seems  lery  sincere  in  his  Egyptian  history;  for  he 
ingaoHDualy  owns,  that  all  he  relates  berore  the  reign  of  Psammi. 
tichait  >s  uncertain;  and  that  he  reports  the  early  transactions  of 
thai  nation  on  ihe  credit  of  the  Egyptian  priests,  on  which  he  did 
Dol  nuch  depend,  Diodorus  Siculus  in  also  reported  to  have  been 
fTwtljr  imposed  upon  by  the  priests  in  Egypt. 

Msaelho,  the  oldeel  Egyptian  historiao,  translated  out  of  th« 
E^plian  inio  (he  Greek  the  Sacred  Registers  of  Egypt,  whlcb  are 
■aid,  by  Syncellus,  (o  have  been  written  in  tbe  sacred  letters,  and 
to  have  been  laid  up  by  the  second  Mercury  in  thu  Egyptian 
(emples.  This  work  was  divided  into  three  parts.  The  first,  con. 
tamed  tbe  history  of  the  gods  ;  the  second,  that  of  the  demi'gods; 
the  third,  the  dynasties,  which  ended  in  Nectanebus,  King  of 
E^ypt,  who  was  driven  out  by  Ochus,  three  hundred  and  Aftyyeari 
before  Christ.  This  author  seems  to  have  written  liis  dynasties 
abont  two  hundred  and  fifty  years  before  the  christian  sera,  and,  ai 

*  See  his  Eoqiiirtei  cDDcernini;  Ihe  fini  iDhabiUnta,  langiUEr,  Ac.  of  En- 
rope,  p.  IW~I09, 

+  He  wrote  hisbliiory  of  tbcfini  yeu  a(ibee1g{i(y-fouTth  olympiai);  threa 
kaadrcd  and  len  after  (he  fonndatian  of  Rome  ;  and  foor  hundred  aod  fertj- 
Smt  before  Christ. 

t  He  reigned  aboul  >ii  iiogdred  and  aixty  years  twfbre  Ihe  christian  ara. 
•rncellDs  inform  us,  Ihal  HieGrrekstiad  v«ry  little  cann»cawilbtlw  Bfyp- 

H  till  ibe  reifo  of  Ibii  kisf. 
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frncBilM  teilriv*  afaMt  tra  wman  wittr  Bmomb  fenii  vrittn  Vl 
CUdMa  nUtDrr. — MbkcIm  allows  Hip  E^ptin  vhIk  t«  kivttbtca 
iBorrai  nca;  Inr  Iw  lastoiy  w3>  w^nr  onich  CDiT«fi^»4  bj  tht 
Gfi>eiu.  aid  hath  bmi  ailed  in  i|ae«HfNi  bj  sewrmi  vri^effSi  firoa 
the  iccoimt  wiiidi  bt  Inmcif  ^r^  of  it. 

Tbm  <ili|f>etioBi  Co  Mifffao*^  ChiuBulmf  ar»  wHi  fiiaiBiiMl ;  tbr 
ab  inHBiirr  of  dnw  ibuiMiiiil  finF  hmdred  and  fiftf  J««%  hrfciap 
wbmkW  to  di»  jBiuMuii  af  Xbws^  thtMutli  Ik  is  iw  ■odiit  Hh 
nanr  (itf»r  wri ms  of  the  Eupfiaii  Ustorj. — Eastbras,  in  liii  Cb. 
ooo*.  amkta  dir  tirar  ssriMa  drnastiei  cf  SCincdM,  aad  btgiM 
tiiifir  cknmakwLj  widi  die  swantewidi. — After  Caodiyscs  kid  cas. 
ried  xway  ffir  E«:Tprian  r^nids,  die  Efypttan  priestly  t»  tspplf 
dlKir  los^  and  id  k^^  op  dHv  pretenakms  tD  aodqwCyy  hr^iB  te 
write  new  r^cordii^  wiiereui  diev  not  only  aaaieiilabty  ande  gnat 
misodus*  bat  added  audi  af  d»ir  own  iafaeti— ^  cspecsallj  as  la 
dbtaac  dno. — Jaaephosy  matirdi^  E^irpiijiy,  aad 
fpcak  veil  af  XaBedKk.  Tbe  nurWraa  ftagtnfa  tnascrikad 
hioi  by  Joaephva^  before  bia  eepies  bad  bees  coirapted,  secai  ta 
eaoirmdie  good  opioiiM  af  theae  astbon^ 


We  abell  ant  cimaUer  tbc  daia  af  ^e  Pkaucauu  to  tibe  m 
tioo  of  letten  as  we  bave  tbe  atroaftit  praoft  af  tbe  early 
daa  aCdus  peopJe^^Saacaaiafba  af  Barytas,  tbe  aosl 
aba  tbe  Boat  celebrated  ncaidaa  hisloriia,  coaH»M  tbe 
bbfary  witb  great  eiactacsi,  fran  ^e  Mooaneats  aad 
wbicb  be  recrWed  frma  Jerobalas,  priest  of  tbe  god  Jaco,  aad  liaB 
tbeir  registers,  wbicb,  Joaepbas  says  %»  were  carelally  prcaervtd  ki 
tbe  inner  parts  of  tbe  teoiplcs ;  and  ia  tbem  were  writteo  tke«ail 
meoMyrmble  erects,  witb  regard  to  tbcauel? es  and  otbers. 

Pbilo  of  ByblBS,  a  fiuM>as  graaaaMriaii,  wbo  lirfd  ia  tlw  reigai 
of  VetpasiaD,  Titos,  Domitian,  Trajan,  aad  Adrian,  tnunlaltd 
Sanconiatbo^s  bisf ory,  out  of  tbe  Pbeaiciaa  mto  tbe  Gre^  toagaf; 
and  reduced  It  into  eight  books,  bat  tbe  origiaal  aad  tbe  Tetsioa 
arc  lost. — Easebius  wbo  batb  preferred  sereral  fragments  of  tlii 
history,  gires  tbe  fbllowiog  account  of  it  horn  Porpbyrj,  wba  W9$ 

*  CbreiMifrapb.  p.  18* 
f  Cbroe.  Grse.  p.  89. 
X  fee  Jotrpbot  agaiiiet  Appion,  book  i. 
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a  Plienician  of  Tfre,  aad  eicdlenUj  tened  !■  all  mndemi  karniog^ 
He  Mjs*,  tbaU  Saoconiatlw  of  BjTjtns  related,  ki  kit  kttlarf,  the 
Jewish  af ain  with  great  Tctacity  :^thal  he  dedicated  hb  work  to 
King  AhibalQsf  and  his  historj  was  allowed  to  be  troe,  both  bf 
the  kiDg,  aod  by  those  who  were  appointed  by  him  toeiaiDfaM  it. 

Thb  most  ancient  profane  hbtoriaa  csqiressly  rdales,  that  let* 
ten  were  first  inrented  in  Pfaeoicia,  by  Taant^  who  lived  in  that 
comtry  in  the  twelfth  and  thirteenthgeaeiotioiis  after  the  creatioa  }• 
^  Miior  was  the  son  of  Haasyn.  The  son  of  Mitor  waa  Taaat, 
^  who  fanrented  the  first  letters  ftMr  writing.*'  The  Egyptians  call 
him  Tooth  i  the  Alexandrians  Thoyth,  and  the  Groeki,  Henoos, 
or  Mercory* 

Sancooiatho  is  ssid  to  ha? o  derired  hb  first  books,  of  the  Ori^b 
of  Gods  and  Men,  from  writings  ascribed  to  Taant  the  first  Hcnnes  ; 
ho  ■ike  I  Protogonus  the  first  man,  and  £on,  or  Gfe,  the  first  wo. 
■an ;  of  Protogonus  and  .£00  were  begot  two  childfea  Gonos  aad 
Creoea,  who  dwelt  in  Phenicia,  aad  ia  tiwe  of  a  droaght,  prayed  to 
the  Son,  and  worshipped  him,  as  the  only  Ood  and  Lord  of  hearea. 
Fioa  these  two  persons  Taaat  b  lineally  descended,  as  we  hare  jost 
aeotiaaed  (in  note  %  ) ;  thb  antiior  carries  the  worship  of  the  Ssn 
to  the  second  man  of  human  race.  PhUo  obserreiy  that  the  Gre<pk« 
daoacd  most  of  9anconiatho*s  hbtory  of  the  goda  to  theMelves, 
to  which  they  added  many  pleaatag  fiblea.  Heoco  it  was,  saith  he, 
ttat  Hesiod,  aad  the  itinerary  poets,  sang  aboat  ki  their  poess, 
of  gods  and  battles  of  giaats  and  Tiiaas;  aad  asea  being 
from  their  iafaacy  to  hear  aothiag  bat  these  fictioas. 


mtm 


•imWmtbm  Prvpcwat.  Kfsi^lih.  i.  c  9,  p.  aO»  4c. 
f  Kiag  Abibalos  bcgaa  to  reign  oee  ihf  ■■<  iefratir*fhrce  jews  kdbfv 
Ckrirt  I  he  was  Clw  fatlicr  of  Hina,  who  wet  8oio«oe*i  ally. 
^  The  geeeelogy  of  Taut,  as  givea  by  Saecuoiifho : 
1  ProfogwiBi,     5  HypMraaia^  or  Meawwaas,     9  Agpotwoi;  (Mmh), 
9  Ckam.  i  Afjwm^  10  Aisya,  (Hawjr^ar  Ham) 

aUr^jBhes,       7  Chrysor,  1 1  BAiior,  er  Miwaiw, 

4  GwBW,  8  Tcchaitc^  IS  Taaal« 

This aathor  Makes  ■ankiad  lite  in  Pheaida;  aai  phco  Hjiawsaiw  atTyfg. 
The  plan  of  the  history  is  qaite  diiercat  firas  that  of  MgiCf,  aad  srcaN  tobc 
BpoD  a  f  ery  diitemi  Indltioa  rrialiBg  lo  the  Ocit  afgos.  SoaM  wrttcfi 
attefptedtoprofetheworhfofdtftaatharifagioaii  hWlheiraf]|pBweBlf 
afe«a  frivoloai  that  they  scarcely  dcserfe  aa  amwer*  See  away  cartam  par* 
ticahn  coocctaia^  the  awher  aad  his  wriisags  ia  the  Uaiv.  Hill,  fat  t  pre^ 
f^e,  p.  10,  aad  p. sa,  181, 101,  iaa»  aOi,  tmn^%  veL  vi.  p.  5ft|  vel.affiU^  p- 
IS,  Bote  D^Aad  Jach»oa*i  Chraaol.  Aafif.  vol.  Ui.  p  5  to  $1. 
▼OL.  Vi,  5  a 
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which  gained  credit  from  lon^  continaance,  it  was  not  easy  to  di$« 
posb'i'ss  their  minds  of  the  belief  of  them.     There  is  no  doabt,  hot 
the  Greeks  received  the  history  of  the  gods  from  the  Phenicians 
and  Egypti.ins,   and  applied  them   to  their  own  either  real  or 
feigned  heroes. 

.  In  the  time  of  this  Taaut  or  llermes,  Phenicia,  and  tke  adjaerat 
country,  was  gorerned  by  Uranos ;  and,  after  him,  by  his  son  Ss. 
(urn,  or  Cronus.  He  invented  letters,  saith  Sanconiatho,  either  in 
the  reign  of  Uranus,  or  Cronus  ;  and  staid  in  Pbeoicia,  with  Cro. 
nus,  till  the  thirty.second  year  of  his  reign.  Cronus,  after  the  death 
of  his  father  Uranus,  made  several  settlements  of  bis  family  *,  and 
travelled  into  other  parts  ;  and,  when  he  came  to  the  aouth  coan* 
try,  he  gave  all  Egypt  to  the  god  Taautus,  that  it  should  be  his 
kingdom. 

Sanconiatho  began  his  history  with  the  creation,  and  ended  it 
with  placing  Taautus  upon  the  throne  of  £gypt«  He  dofh  not  men. 
tion  the  delude,  but  he  makes  two  more  generations  in  Cain's  line, 
from  Protogonus  to  Agroverns  (or  from  Adam  to  Noah)  than 
Moses. 

As  Sanconiatho  has  not  told  us  in  what  reign,  whether  of  Unu 
nus  or  Chronus,  Taaut  invented  letters,  he  might  have  invented 
them  in  either  reign  ;  ^^  and  we  cannot  err  much,"  says  Mr.  Jadu 
son,  (in  his  Chronol.  Anliq.  vol.  iii.  p.  94), ''  if  we  place  his  inveob 
tion  of  them  five  hundred  and  fifty  years  after  the  floo^l,  or  twen^ 
years  after  the  dispersion  ;  and  two  thousand  six  hundred  and  nine* 
teen  years  before  the  christian  ssra  ;  and  six,  or  perhaps  ten  years, 
before  he  went  into  Egypt.  +" — Taaut,  and  his  posterity,  for  Mi 
teen  generations,  ruled  in  the  upper  Egypt,  at  Thebes,  which  was 
Ijuilt  by  the  Mez rites. 

Tiiat  letters  were  invented  in  Phenicia,  doth  not  depend  solely 
upon  the  testimony  of  Sanconiatho  ;  for  several  Roman  authors 
•attribute  their  invention  to  the  Phenicians. — Pliny  says,  the  Pheni. 
cians  were  famed  for  the  Invention  of  letters,  as  well  as  for  astro* 


*  *<  Out  of  Phenicin/*  (tays  ^ons.  Biicliart,  io  bis  learned  work,  inUCM 
.-tjunnnn),  **  issued  a  vast  number  of  tribes,  ^bo  setllcU  ibemselvcs  id  all  parteflf 
ibe  M'orld,  in  Egypt,  Asia,  Cyprus,  the  I^lct)  of  (be  Mediterranean,  Sicily,  SiK 
^fuia,  tlie  African  co<m(,  Sfiain,  and  several  otbcr  countries/" 
.-.  f  Xhe  aotbor  is-  supposed^  by  ftlr.  Aitlc»  misiakea  io  tbi^  c^lculatioa* 


ASTianitt  cF  WRiTikct  sir 

itomiral  o1i«errB!ions,  and  naTsI  and  marrJal  arts  *. — CurtliH  Myt^ 
that  the  Tyrian  tmlion  arc  relatpd  to  be  the  fint,  utiu  either  laashr 
or  leamwl  lelttrs  t  ;  and  Lncan  says,  tht  rhftiuiam  wfrp  Ihe  first 
wllo  altemjited  to  etpress  sounds  (or  words)  bj  lell^n^.  To  lhe»e 
aulhurititi  may   be  added   that  of  Enscbtasi,   vbolrlbas,  frvn 

^  Porphyry,  that  "  Santoniatbo  stndiH  with  great  applicatian  lie 
«ritin^  ofTaiut,  knowing  that  he  was  th-  firit  who  Inrrntedlt 
tm ;"  and  on  these  be  liiJ  Ihc  rouadation  of  his  history, 

](  is  obierrable,  that  the  Greek  wtilen  seem  Id  bare  kaown  no 
oMer  Herraei  tlian  the  second  Ileimes  or  Mercury,  who  ts  record* 
1  |0  hare  lirecl  aboat  Tour  huadrrd  years  after  li.e  Mezrite  Tiaut, 
^^^  Hermes  ;  «iijch  second  Hermes,  Flalo  calls  Theulb,  and  cauo. 
Mlor  and  ucred  scribe  lo  king  Thamut,  but  It  Is  not  said  thic  he 
^Anr  reigned  in  Egypt :  whereas  the  Mczrite  Taaul,  or  Athothei, 
'ii  Manetho  calls  him,  was  the  imjncdiale  sacce<^or  of  Mines,  Ibe 
flnt  kiag  oT  E^ypl.  The  second  Mercury,  if  we  beliere  Manelho^ 
I^Binpued  sereral  books  of  the  Egypliio  history,  and  many  incredi. 
4la  things  are  altrtbnled  lo  him  ;  who  being  more  iinown,  and 
^bor«  Tamons  in  I^ypt  than  the  Mrzrite  Hermes,  and  having  im. 
prorril  both  ihcir  language  and  !ett<  rs,  the  Egy[>ikas  attributed 
'the  arts  and  inrentions  of  the  fi^rmer,  to  him  |j. 
>  Tbe  Pbenician  language  has  been  generally  allowed  to  be,  at 
bast  a  dialect  of  the  ficbreir;  and  though  thtlraiplabetdutknot  en. 
6rely  agree  with  the  Samarilati,  yet  it  will  hereafter  a^'pear,  that 
tbere  is  a  j;real  similarity  betneen  them  ^.  Arilhmelii.-  and  Aslro- 
MOiny  were  much  cultirated  by  tbem,  in  tbe  most  early  ages  **. 

*  Ipa  gtas  PhivBicam  in  eloria  nu^i  lilrranun  iairoUMiiiet  aierw>t  oa*. 
^lOnqu  ac  bdlicanun  artlun.  Nal,  Hi«.  lib.  w.  c   lt> 

f  Si  fame  libel  crrdere  hcc  (Tjrionnn)  ecu  litrru  prima  aU  dorail,  aat 

f  PbcenicM  [iriini,  iiuue  li  crcdiioi,  austi, 

Manoram  radibiu  n>c«i  risnare  figuii.     Lib.  iii.  >.  9i0,  2S1. 
%  De  abiUnent.  lib.  ii.  tect.  5& 
.  ■  Cosctmine  (h!«  iccood  Hcrmri,  ter  Da  Pin't  DnireiBl  Hifloricai  libazj, 
«ak  i.  p.  M  aad  5! ;  and  Jarkun'i  Chrenol.  Amiq.  vul.  iii.  p.  M, 
-  1 1k^  bnd  ciTcnmciiioa,  >•  well  at  olber  cmlonn,  to  cominaD  trilh  ite  U*- 
brew*,  nllb  HnoilaiiM. 

•«*Tbey  wtTcrramihebceinniDE,  aail  werr.addlFlpd  to  pliiloiophicnlPicr' 
eiinof  tbe  Bind  ;  in'imucb  tbnl  a  SidoDisn,  b;  nsinp  Mcnclrat,  ii  Bid  lo  hare 
laaitlH  Ibe  d.>rlritie  of  Atnm-,  before  die  Trojan  war ,  and  Abdoaienui  of  Tytr, 
ehallcDged  Solomnn,  ihuuth  Ihc  wi»sl  king  apor  eanli,  b>  Ihe  iiibllr  i|<ic(Iion>  lie 
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Their  fiae  linen,  their  pirplc,  and  their  glass,  were  superior  ia 
those  of  any  other  people  ;  and  their  extraordinary  skill  in  arcbiiec* 
tare  and  other  arts,  was  such,  that  whateter  was  great,  elefuit*  or 
pleasingi  whether  in  buildings,  apparel,  ressels,  or  toja,  were  dis- 
tkif  uished  by  the  epithet  of  Tyrian  or  Sidonian  *• 

The  Sidonians  or  Pheolcians  were  the  first  people  who  Yootircd 
out  to  sea  in  ships  f  ;  they  were  the  greatest  commerctal  people  of 
all  antiquity,  and  engrossed  all  the  comneree  of  the  westers  world. 
This  tery  early  and  high  degree  of  ciTilization,  justly  entitles  them 
to  urge  the  strongest  pretensions  to  the  first  use  of  alphabetic  cka* 
racters  %. 

! m ' 

pnifmed  to  bin.  PheoMa  coofieaeil  to  be  oee  of  Ibe  seatt  of  IcarBiog  ;  aed 
both  Tyre  mvd  Bidon  prodoced  tbeir  pbitosopben  of  bitcr  aes  i  BoeCbae  ui 
EKodatui  of  Sidoiiy  Antipater  of  Tyre,  and  Apollonint  of  the  same  plare^  gave 
an  arconnt  of  ibe  writio^saDd  disciples  of  Zeno.  Unlrenal  Hitt.  vol.  ii«  p.  SIC- 

•  Tyre  and  Sidoo  were  the  principal  cities  io  Phenicia.— See  the  Tincaty 
Whtcli  king  SolomoB  entered  into  with  Ilirnin  king  of  Tyre,  ISmt  wciUkcm,  m  it 
is  recorded  in  2  Chron.  chap.  4i.  ?•  1^}€m  Hirm  began  to  nign  la  ibc  aae 
tboosaod  three  haadfcd  and  Iweaty-ninlh  year  after  the  ddige,  mm4  oae  fbaa^ 
sand  and  twenty  years  before  the  chriHian  sera*  Solomon  also  eoatfacted  wiib 
king  Hiram,  for  ^hips  to  bring  gold  and  preriuos  stones  for  onHuncatiDg  his 
baildings.    8  Chron.  ▼.  18,  and  chap.  is.  ▼•  10  and  iS. 

f  Saneoniatho  says,  that  the  Pbeaiclans  laadt  ships  of  bardea  ia  wMcb  they 
sailed  Id  the  tkne  of  Satora»  or  Ctnones.    And  Dioaysins  says,  Ihe 
were  the  thrW  who  Teatwed  to  sea  io  sbi|ii.     Pericg.  ▼•  007- 

I  The  learned  aathon  of  the  Nooyeao  Trait^  de  Diplomatique,  aot  eoly 
roborate  bat  illustrate  this  opinion.— Enin,  toot  diposo  esdosiTeaieDtea 
de  Taniiqait^  de  la  langne  Pb^aiefenoe.  Par  la  Phenicfe  oa  e'eatead  fif 
seoleneot  Ics  villes  de  la  ete  mariibDC  dc  la  Pilo^tioe,  maia  4e  plas  laJaddt  Ik 
k-s  pays  des  Chaaaofens  ft  4m  Hobrcin.  H^odote  l«i-a)4me,  lib.  ii.eel.  IM» 
par  la  Ph^aieietisdteifaeit^videmment  les  Hdbrtoa  ou  let  Jaift,  pQli|Wp,  lelaa 
lui,  les  Pf.^niciens  se  AdMieat  clreoncire,  ft  qae  les  Tyrieas,  las  BidnniipB.iM 
a'itoient  point  dam  cet  mmgf!.  Par  Acntoae  Fh6iicicaae,  oa  eteai  doBc,  la 
Samaritaioe,  c*est-A  direraacien  H^breu,  [^ottceit,I>tfser/attansarl«f  JMiflw 
Hihraitpu  p.  4  ;]  difibrent  de  TBiteeu  qnani  oa  Onddaiqne^qoi  eat  leoradmey 
qoe  les  Jais  oat  adepts  depais  la  capAl«it6  de  flnbyloROy  aiati  qna  I'aaa  peaife 
8.  J6r6nie,  S.  Ir^^,  S.  Clement  d* Alexandria,  ftc.  ftc. 

Lasadtears  qni  a«yugeat  Miiitlqniti  1  r^critare  Samarilainc  aoat  «ai  a  Mbif . 
Genebrard,  Belbinnin,  le  ^en  filorin,  M.  Hoet,  Ooau  Montfhneaay  Ba9«  Cal- 
mtt,  M*  Raoaudot,  iiiaeph  gcaKger,  Giatiat,  ramabaa,  Walton,  Hnrliaid,  Ybs* 
sins,  Prideanz,  Capelle,  Simon,  ftc.  ftc.  se  sont  haatemaat  4dciar4i  an  ftncir 
en  ce  saatiaenl ;  and  Us  f  oat  appay4s  sar  ks  Aoiean  ancient  aad  mr  Paailngiri 
das  caaaeteret  Samariadnt  aaec  let  caracterm  Grecs  %  fcnfmblnnba  nfcstailHr 
poor  oblenir  hi  ffloire  de  Tantiqaitea  paitqne  las  decakftae  pcident  iaaa  la  ant 
iet  tempts,  aad  qoe  eepaodaatca  a*est  poiat  eaa  qai  let  eat  inmailea. 

Eacombioant  la  detceadance  des  leltjret»  il  ea  rdmltera  beaacoap  de  Joar lar 
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CMALBUUiS. 

Wi  ra  reip«ct  to  the  dun  «l  tke  ChiUcuK/lke  Jr«i,  ArkbaiMi 
■ad  IndUiu,  haie  it  bjr  tradittoa,  thai  the  Es\p<isiimerv  iastrsct, 
ttlinalllbeir  kiio«lMl«e  b;  Abnka«,  wbo  <»aCh>ldna.  TWm 
traditiuDS  dMcrtr,  at  1«ai(,  ai  mocb  ovdit  h  any  traJi(i>M  of  tW 
i^ptiaDi,  bonerer  crcilil«d  ind  >deplMJ  fcj  th«  Grfvhl  :  be-;«W 
Otey  are,  ia  sodm  drgr^  coBDraMd  bj  moft  of  Ike  amrm  «rit«n, 
wbo  ascribe  Ibe  iDTeDtiixu  at  ■ritb«nM>c  aid  aftrawtay  to  tb* 
Cbaldeau  *.  Jotepbas,  lib.  i.  cap.  9.  b  rrtj  ctpnM  tlut  tke 
EgjrptnnB  were  ignorant  of  tb«  uricnc^f  of  arithv-tic  and  aitro- 
Dom;  before  ihcj  wen  iasUucled  b^  Abraham  ;  and  it  is  probable 
IhU  the  relation  of  tbe  Jewi^  bistoriaa,  najr  bare  wduc«d  vany 
ncceeding  writers  to  attribale  (he  iorentiiin  of  letlen  ta  tbat  oet^ 
braled  pairiarcli  f .  Sir  luac  Ne<a|«n  admits  Ibdt  iHim  >erc 
known  in  (be  Abrabamic  tioe  for  some  centttrin  before  Motet. 

Though  the  counogony  of  th«  Chalde«as  and  liabjlunianj   it 
de«p)r  iDioUed  in  fables,  as  is  (he  case  with  all  aDci^n(  nations, 
.    yet  (hey  eiioce  that  (bey  culUrated  the  iciencea  ia  (be  most  reB>o(e 
times. 

The  Chaldaic  letters  are  dt-rived  from  Ibe  ancient  Ilpbrew,  or 
Samaritan,  wbich  are  the  tame,  or  nearly  io,  with  the  old  Fbeni- 
ciaa  {.  The  prophet  Gzra  is  supposed  to  hare  exchanged  the  ol4 
Bebrew  characters,  for  the  more  beautiful  and  commodious  Cfaatdee, 
which  are  still  in  uso. 

Berosus,  the  moil  aucient  Chaldean  historian,  was  bom  (as  h« 
r  tells  »  himseU)  during  the  minority  of  Alexander  (he  gri'at ;  ha 
wrote  in  three  books,  (he  ChalJi^n  and  Babylonish  history,  which 
COVpreh ended  that  of  the  M<-des.  He  is  alluweil  to  hare  been  a 
tery  respectable  writer,  but  be  don  not  mention  thAt  he  belieTe4 
tb«  Chaldeans  to  have  been  the  inventors  of  leKers  \. 

I     Ce  tjutme,  cl  uo  noutrl  appoi  pour  It  dcrnirr  HrDlimml.      Diet.  Dipt.  lam.  L 

•  After  Ihr  floai,  all  loankiad  IWcd  tiM;cIbCT>B  Chaldea.  liUlhc  iayiot  Pclc^ 
Bee  Uaiv.  UkL  tvI.  i>.  p.  3Sa,  315  t    ud  Sir  Isaac   NcKlnn'E  Cbronnlo')'  of 
AaeicM  kiBt<tani<,  Union,  17i8,  4lo.      Tbc  tower  of  Bubel,  aod  (be  c>ly  of 
D  (hp  pcDtiace  whicb  it  now  called  Erica  Arabic, 
t  Abraham  did  noi  retire  rrum  IJt,  in  Chaldea,  to  Kltleal  HaioB  in  Canaan, 
tin  be  wiu  upwardi  ofiesratj  years  old. 
J  Univ.  Hill.  *oUt<i.  p.  a'n- 

^  Sm  BD  accounl  afhini  and  his  noikiin  (be  Univ.  Hist.  Tol.  i.  prrf.  p.  13, 
nad  p.  39,  30 ;  and  Lhe  iubslaoce  uf  lb     fiajmcDtt  of  bit  bjilorj  ihBl  are  aiill 
Uf.  192-195. 

3iJ 
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SYRIA?!S. 

Let  usbriidy  examine  the  pretensions  of  some  other  nalioin 
to  the  early  use  of  IcKers. — The  next  nation  that  claims  atCentioii' 
is  the  Syrian.      The  language  of  the  Syrians  is  mentioned  rn  the' 
Universal  flisfory,  vol.  i.  p.  347,  348  ;  and  was  a  distinct  tongue  in 
the  days  of  Jacob.     It  was  also  (he  language  of  MesoiH>tamia  and 
Chaldca. — As  to  the  arts  and  learnins;  of  the  Syrians,  thej  were  by 
some  anciently  joined  with  the  Phenicians,  as  (he  first  inventors  of 
letters  ;  but,  without  entering  into  this  matter,  certain  it  is,  that 
they  yielded  to  no  nation  in  human  knowledge,  and  skill  in  the  fine 
arts.     From  (heir  happy  situation  they  may  almost  be  said  to  have 
been  in  the  centre  of  the  old  world  ;  and,  in  the  zenith  of  their  em* 
pire,  they  enriched  themselves  with  the  spoils,  tribute,  and  com« 
merce,  of  the  nations  far  and  near,  and  arose  to  a  great  pitch  of 
splendour  and  magnificence,  which  are  the  chief  cncouragers  of 
in^^enuity  and  industry  *.      Their  language  is  pretended  to  have 
been  the  vernacular  of  all  the  oriental  tongues,  which  was  divided 
into  three  dialects :  First,  the  Aramean,  used  in  Mesopotamia,  and 
by  the  inhabitants  of  Roha,  or  Edesa,  of  Harram,  and  the  Outer 
Syria  :  Secondly,  the  dialect  of  Palestine,  spoken  by  the  inhabitants 
of  Damascus,  Mount  Libanus,  and  the  Inner  Syria  :  Thirdly,  (lie 
Chaldee  or  Nabathean  dialect,  the  most  unpolished  of  the  three, 
and  spokrn  in  the  mountainous  parts  of  Assyria,  and  the  villages  of 
Ir^c  or  ]>jb  l(*nia. 

It  hath  been  a  received  opinion,  that  no  nation  of  equal  antiquity 
had  a  more  considerable  trade  than  the  ancient  Syrians.  They  had 
many  valuable  commodities  of  their  own  to  carry  into  other  parts; 
and,  by  their  \icinUy  to  the  river  Euphrates,  it  is  evident  that  thcj 
trkded  with  the  eastern  nations  upon  that  river  very  early.  Tb» 
easy  and  safe  navigation  of  the  Euphrates,  when  compared  with  that 
of  the  sea,  may  incfine  us  to  consider  them»  as  older  merchants  thaQ 
the  Edomites,  or  even  the  Phenicians,  who  confessedly  ingrossed 
)he  trade  of  the  western  world.  The  Syrians  therefore  are  sop* 
posed  to  have  been  the  first  people  who  brought  the  Persian  and 
Indian  commodities  into  the  west  of  Asia*  It  seems  therefore  that 
the  Syrians  carried  on  an  inland  trade,  by  eng rosing  the  com. 

•  The  altar  at  Damascui,  which  so  ravished  Ahaz  king  of  Jadab,  serves  ai  a 
Dcblc  specimen  of  the  skill  of  (heir  artificers. 
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mcrce  of  (be  Eaphrates  ;    whilst  the  Phenicians  traded  to  the  most 
distaot  couotries. 

Notwithstanding  the  above  circumstances,  which  may  seem  to  fa. 
Toar  the  claim  of  the  Syrians,  the  oldest  characters  or  letters  of  that 
nmtioB  that  are  at  present  known^arebut  about  three  centuries  before 
the  birth  of  Christ.  Their  letters  are  of  two  sorts :  the  Estrangelo, 
which  b  the  more  ancient ;  and  that  called  the  Fshito,  the  cimple 
or  ooBunon  character,  which  is  more  expeditious  and  beautiful  ^.   * 

INDIANS. 

Tns  period  of  time  is  happily  arrired,  when  the  study  of  oriental 
lit*  rature  is  not  only  become  useful,  but  fashionable.  The  h  arned 
Sir  William  Jones  greatly  facilitated  the  attainment  of  the  know. 
ledge  of  the  Persian  language  ;  Mr.  Richardson  that  of  the  Arabic  ; 
and  Doctor  Woide,  the  lilgyptian  and  the  Coptic  ;  by  the  publica. 
tioo  of  their  respective  grammars.  Mr.  Halhed,  the  editor  of  a 
work  intitled  the  Gentoo  Laws,  hath  written  a  grammar  of  the 
Shaoscrit  language +,  which  he  informs  us,  is  not  only  the  grand 
soaroe  of  Indian  literature^  but  the  parent  of  almost  erery  dialect 
from  the  Persian  gulph  to  the  Chinese  seas^  and  is  a  language  of 
the  Boat  Tenerable  antiquity  ;  and,  although  at  present  shut  up  in 
the  libraries  of  Bramius,  and  appropriated  solely  to  the  records  of 
their  religion,  appears  to  have  been  once  current  orer  most  of  the 
oriental  world,  as  traces  of  its  original  extent  may  still  be  dis- 
coTered,  in  almost  every  district  of  Asia. 

**  There  is,'*  says  Mr.  Halhed,  '*  a  great  similarity  between  the 
Shanscrit  words  and  those  of  the  Persian  and  Arabick,  and  even  of 
Latin  and  Greek  ;  and  these,  not  in  technical  and  metaphorical 
terms,  which  the  mutation  of  reOned  arts  and  improved  manners 
might  have  occasionally  introduced,  but  in  the  main  ground.works 
of  language ;  in  monosyllables,  in  the  names  of  numbers,  and  the 
appellation^  of  such  things  as  would  be  first  discriminated,  on  the 
immediate  dawn  of  civilization.  The  resemblance  which  may  be 
obtenred  in  the  characters  upon  the  medals  and  signets  of  various 
districts  of  Asia,  the  light  which  they  reciprocally  reflect  upon  each 

*  See  these  characters  in  the  Univ.  Hist.  vol.  ii.  p.  S94. 

fThis  iogenious  gentleman,  assisted  by  Mr.  Wilkins,  a  descendant  of  the 
leuned  bishop  of  that  n^imey  not  only  formed  the  ty|>e$  of  the  Gentoo  alphabet 
bat  priated  this  gnunmar,  at  Hoogly  io  Bcoga),  4to.  1778. 
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•(h«r,  and  the  general  analogy  which  thej  all  bear  to  tha  grttd 
prototype,  affords  another  ample  field  for  curiosity. 

That  coins  of  Assam,  Napanl,  Cashmiria,  and  masy  oilier  king, 
dons,  are  alt  stampt  with  Shanscrit  letters,  and  mostly  eootaio  ai« 
lasions  to  the  old  Shanscrit  mythology.  The  same  coaforniljr  I 
hare  obserred  on  the  impressioos  of  seals  from  Bootao  and  Thibet.*' 
That  part  of  Asia  between  the  Indus  and  the  Gang<»s,  still  ptt* 
serTf  s  the  Shanscrit  language  pare  and  inriolate,  and  ofiera  a  great 
number  of  books  to  the  perusal  of  the  curious,  many  of  which  have 
been  religiously  handed  down  from  the  earliest  period  of  tbdrci. 
filizatioo. 

There  are  seven  different  sorts  of  Indian  hand -writings,  all  coou 
prised  under  the  general  term  of  Naagoree,  which  may  be  inter* 
preted  writing.  The  elegant  Shanscrit  is  stiled  Daeb- naagoree,  or 
the  writing  of  the  immortals*;  which  may  not  improbably  be  a 
refinement  from  the  more  simple  Naagoree  of  the  earliest  ages.  The 
Beni^al  letters  arc  another  branch  of  the  same  stock.  The  Benga. 
lese  Braroins  hare  all  their  Shanscrit  books  copied  in  this  national 
alphabet ;  and  they  transpose  into  them  all  the  Daeb.naagoree 
MSS.  for  their  own  perusal.  The  dialect  called  by  ut  the  Moorish, 
is  that  species  of  Hindostanic  which  owes  its  existence  to  the  Ma* 
hometan  conquests. 

There  are  about  seven  hundred  radical  words  In  the  Shanscrit 
language  ;  the  fundamental  part  of  which  is  divided  into  thret 
classes. 

First,  IMiaat — or  roots  of  verbs. 

Second^  Shubd — or  original  noons. 

Third,  Evya  —-or  particles. 

The  Shanscrit  alphabet  contains  fifty  letters }  viz.  thirty  .few 
consonants,  and  sisteen  vowels.  The  Indian  Bramins  coataod, 
that  they  had  letters  before  any  other  people  ;  and  Mr.  Balked 
observes,  that  soflicient  grounds  still  exist  for  conjecturing,  tkst 
Egypt  has  but  a  disputable  claim  to  its  long  boasted  origfaiality  ia 
civilization.  The  present  learned  Rajah  of  Klshinagnr  alBrafy 
that  he  has  in  his  possession  Shanscrit  books,  where  the  EgypUM 
are  constantly  described  as  disciples,  not  as  instructors,  and  as 
seeking  that  liberal  education,  and  those  sciences  in  HindoslaOi 
which  none  of  their  own  countrymen  had  sufficient  knowledge  to 


■MP 


•  The  Bfamiai  say,  tettcn  wera  of  divine  es%iaaL 
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iaparL  Mr.  UaJhe d  hiots,  that  the  learning  of  Iliitdastan  might 
kafe  been  trsospUuti*!]  into  Eg^'pt^  and  thas  hare  become  familiar 
to  >]oses  *•  Howe¥i  r  this  may  be^  several  authors  agree  in  opi. 
moo,  that  the  ancient  KjEryptians  possessed  ihemseiTes  of  the  trade 
of  the  East  by  the  Rt  vl  St>a  ;  and  that  they  carried  on  a  consider* 
9ble  traffic  with  the  Indian  nations  before  the  time  of  Sesostris, 
V ho  was  coatemDorarv  with  Abraham  t« — The  Red  Sea  was  called 
by  the  ancients  the  Indian  Sea  ;  and  they  usually  denominated  the 
Ktltto(>ians,  and  the  rest  of  the  nations  under  the  torrid  zone^  I  n* 

A  translation  of  the  Indian  book  called  BagaTadam,  one  of  the 
•ighteeo  Pouranam,  or  sacred  books  of  the  Gentoos,  hath  lately 
been  published  in  France.  This  translation  was  made  by  Meridas 
Poolle,  a  learned  man  of  Indian  origin,  and  chief  interpreter  to 
the  supreme  council  of  Pondicherry  ;  and  was  sent  by  him  to^* 
Bertin,  his  protector,  in  1 769.  This  'agavadam,  or  divine  his. 
tory,  claims  au  antiquity  of  abore  five  thousand  years.  Monsieur 
PottSl^  tells  OS,  in  his  preface,  that  the  book  was  composed  by  Vias* 
ser  the  son  of  Brahma,  and  is  of  sacred  authority  amongst  the  wor« 
•Wppen  of  Vischnow.  Tht-  language  of  the  original  text  is  Shanscrit^ 
bat  the  translation  was  made  from  a  version  in  Tamoul. 

There  are  several  traditions  and  relations  of  the  Indians,  calcu- 
lated to  ascertain  the  antiquity  of  this  book,  and  they  all  tend  to 
date  its  composition  three  thousand  one  hundred  and  sixteen  years 
before  the  christian  sera  :  but  Mons.  De  Guines  §  hath  not  only 
invalidated  these  traditions,  but  proves  also,  that  the  pretensions 
of  this  book  to  such  a  remote  antiquity  are  inconclusive  and  unsa- 
tisfactory. Hence  we  may  conclude,  that  though  a  further  inquiry 
iato  the  literature  of  the  Indian  nations  may  be  laudable,  yet  we 
■vat  by  no  means  give  too  easy  credit  to  their  relations  con. 
cerning  the  high  antiquity  of  their  manuscripts,  and  early  clvUi. 
niioo. 

PBRSIAKS. 

Tbb  Fenians  had  no  great  learning  among  them  till  the  time  of 
Byitaspes,  the  father  of  the  emperor  Darius  Hystaspes.     The  for- 


*  Prefhce  to  Gentoo  Laws,  p.  44. 

f  Rollio's  Hist.  p.  59y  60 ;  and  Uniy.  Hist.  yo1»  i.  p.  MS. 
%  Piefince  to  Gcotoo  Laws,  p.  44. 
'  )  See  his  reflections  on  this  book,  publiahed  in  the  S8th  Y0I.  of  the  Histoire  de 
^Academic  Royal,  &c.  Paris,  1777. 
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mer^  we  ire  fold,  travelled  into  India,  and  was  iostmcted  In  6if 
sciences  by  the  Bramins,  for  which  they  were  at  that  time  famed ^. 
The  ancient  Persians  contemned  riches,  and  were  strangers  to  com- 
nierce  ;  they  had  no  money  amongst  them,  till  after  the  conqaest 
of  Lydiaf.  It  appears  by  several  inscriptions  taken  from  the 
ruins  of  the  palace  of  Fersepolis,  which  was  built  near  seren  km* 
dred  years  before  the  christian  apra,  that  the  Persians  sometlmti 
wrote  in  perpendicular  columns,  after  the  manner  of  the  Chinese. 
This  mode  of  writing  was  first  used  upon  the  stems  of  trees,  or 
pillars,  or  obelisks.  As  for  those  simple  characters  found  opoa 
the  west  side  of  the  staircase  at  Persepolis,  some  authors  hare  sap. 
posed  them  to  be  alphabetic ;  others,  hieroglyphic;  whilst  othein 
hare  asserted  them  to  be  ante-dilurian  :  but  our  learned  Dr.  Hyde 
pronounces  them  to  hare  been  mere  whimsical  urnamcncs,  tboo^fa 
a  late  writer  %  supposes  they  may  be  fragments  of  Egyptian  anti- 
quity, taken  by  Cambyses  from  the  spoils  of  Thebes  In  the  M^rond 
Tolume  of  Niebahr's  Trarels  in  Arabia,  p.  25,  several  of  th;'  in* 
scriptions  at  Persepolis  are  engraven.  This  author  says,  that  they 
furnish  three  different  alphabets,  which  have  long  b(H>n  disused. 
They  are  certainly  alphabetic,  and  not  hieroglyphic  or  mere  orna. 
ments,  as  some  writers  have  supposed.  In  fiue,  the  learned  teem 
generally  agreed,  that  the  ancient  Persians  were  later  than  many  of 
their  neighbours  in  civilization  :  it  was  never  pretended  that  thcj 
were  the  inventors  of  letters  §. 

ARABIANS. 

Tub  Arabs  have  inhabited  the  country  they  at  present  possess, 
for  upwards  of  three  thousand  seven  hundred  years,  without  hariog 
been  intermixed  with  other  nations,  or  being  subjugated  by  any 
foreign  power.  Their  language  must  be  very  ancient.  The  two 
principal  dialects  of  it,  were  those  spoken  by  the  Hamyarites,  and 
other  genuine  Arabs ;  and  that  of  the  Koerish,  in  which  Mahammed 
wrote  the  Koran.  The  first  is  stiled  by  the  oriental  writers,  the 
Arabic  of  Hamyar  ;  and   the   other,  the  pure,  or  defecated* — 

•  Univ.  Hist.  vol.  v.  p.  ISO. 
+  Ibid.  p.  131. 

}  The  aulhor  of  Conjectoral  Observations  on  Alphabetic  Writing. 
^  See  some  remarks  ppon  the  old  Persic  Ictlcn  in  the  Universal  Histoiy, 
vol  xviii.  p.  399. 
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SIr.Ricfaardson,  in  hi»  Arabic  Grammar,  ofaserrt^s,  as  a  proof  of 
th«  richness  of  tliU  lungUBgr,  that  it  cuUiisU  of  two  thuuiauU  ra. 
dial  words. 

'I'he  old  Arabic  characters  are  said  to  be  of  very  bigh  antiquity  ; 
for  Ebn  IJolicm  relite»,  tbal  an  inscnpliou  id  it  was  round  in 
Yimaii,  at  aid  as  die  lime  of  Ju^e^.b.  These  tradilioiis  may  have 
giT'o  oci^asion  to  sum<.'  autliur'>  to  suppose  lli«  Arabians  to  bare. 
Wrn  the  ioTpnlors  of  lelltTi  ;  aod  Sir  Isaac  Ncwluu  ■  miju 
posFs,  that  MuJi«s  karned  thv  aljihabet  fiom  the  Midijnili'S,  who, 
m-rr  Arabians, 

The  Arabian  alphabet  consists  of  twenty.eightlelttrs,  which  are 
»m«what  sioiilar  to  the  ancient  Kufic,  in  which  characters  ibe  Jirst. 
copies  of  (he  Alcotaii  were  irritli'n. 

The  present  Arabic  characters  were  formed  by  Ebn  Moklah,  s 
learned  Arabian,  who  lived  al.'iiit  three  hundreil  years  after  Maho- 
met. We  learn  from  llie  Arabian  nrittrs  themselves,  that  their 
alphabet  is  not  ancient. — Al  Asmahi  says,  Ihnt  the  Koreisfa  wire 
askol,  '*  From  whom  did  you  learo  writing  ?"  and  that  they  an- 
swered, *'  h'tom  Hirali."  Thil  the  people  of  Hirah  were  asked, 
"  Prom  whom  did  vou  learti  writing  !'  and  Ihey  said  "  From  ihe^ 
AmbaritM."— i:bn  Al  Ilahli  and  Al  Ileisham  Ebn  Ailnii  r.lale, 
that  Ahi  Sofia-i,  Mahomet's  gre^it  opposer,  was  asked,  "From 
wbom  ilirf  your  father  receive  this  form  of  writing  ?"  and  that  h< 
Mid,  ^'  From  Aslilam  Ebn  Sidrah  i"  and.  that  Ashlam  being  asked, 
'■  From  whom  did  you  recfive  writing  V  his  answer  was,  "  From 
the  person  that  inrented  it,  Moramcr  Ebo  Morrah  ;"  and  that  they 
eired  tins  form  of  n  riting  but  a  little  before  Islamism  i. 


^ 


a  REFLECtlONJ 


Bbfork  wp  roncludp,  wp  shall  make  a  few  reflections  on  the 
foregoing  claims  of  different  nations  lo  the  invention  of  letters. 
The  Tftnily  ofeach  nation  induces  them  to  pretend  to  the  most  early 
ciiUiiation  ;  but  such  is  the  uncertainty  of  ancient  history,  that  it 
is  difficult  to  decide  to  whom  the  honour  is  due.  It  howeter  should 
teem,  from  what  hath  been  advanced  in  the  course  of  this  part  of 
our  inquiry,  that  the  contest  may  be  conlincd  to  (he  Egyptians, 
the  Phenicians,  and  the  Chaldeans.     Tha  Greek  writer*,  and  most 

•  Chiunuloey  of  Egvi>t,  p.  205,  Svo.  edit. 

t  WiK,onlhe  fini  inhabitants,  &r.  of  Europe,  p.  09, 
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mer,  we  Brc  told,  f rav.-ll.d  Into  Imlia,  a"*  —  j,'^    '    '■ 

iclencp!  by  the  Bran.ins,  for  which  they  wire  ^^^  ^  * /^  t 

The  anciontPorsiansroiiHiaiipd  riches,  and  w^,    ^^    Jf    i 

niercc  j  tliey  had  no  money  amongst  ihi'm,   t^^- 

of   Lydint.      It  sfp-'ars  by  ^eterol  inscr^     ^ 

ruin!!  of  the  pilace  of  I'trsepalii,  which  ^  ,      '^ 

drcd  ypars  b*-fore  thi'  chmlian  tera,   *t  4-  ^ 

wrote  in  perpendicular  c-jiumn»,  afte^    -        -'- 

This  mode  of  writing  was  first  u^ 

pillars,  or  obelisks.     Aa  for  tho' 

the  west  side  of  the  staircaie  at.' 

posed  (hem  to  be  ilphatKtic;,^ 

hare  asserted  them  to  be  inf  ^  ^ 

pronounces  themtoh»a''   \f 

B  late  writer  %  auppoMY 

quity,  taken  by  dabi/^     V  l 

Tolume  of  Niebnbr'l^/ 1      >  ^ 

■rriptionB  at  PwHiff  t  ■■•rnicka  Ti/  i 

furnish  thrM  4f/ r  probable  that  bt  ■ 

They  are  certrf/'  -'■«;   ■■"]  that  th*  accoadTiHt/ 

menti,  u  »r/  .^giitut,  improTcd  both  tb«  -'pUhiliM 

genermllj  mf'  .»  and  other*  hafs  uwrted.     Tbe  Phiite 

their  nri|l''  -^nagM  are  tery  limilar,  but  the  latter  ie  iiidtoW 

veiwthr  'lid  full,  which  ii  id  indication  of  iti  bvlog  of  «  ^i 

.  M  opSnton  of  Mr.  Wise,  that  the  ancient  Egyptlniu  bad  sot  Ik 

■*  ^owleilge  of  letters,  teems  to  be  erroDeou :  as  they  bad  coa^v 

f.    clal  intercourse  with  their  neighbonn  tbe  Phentclans,  ther  probeUr 

/bad  the  knowledge  of  lellcrg,  if  their  policy  (like  that  oftbo  Chinm 
at  this  day)  did  not  prohibit  the  use  of  them. 

The  Chaldeans,  who  cultivated  astronomy  in  the  muA  nam 
agPi,  Dsed  symbols,  or  arbitrary  marks,  in  their  calcnUtiau  ■  mk 
we  hare  shewn  that  these  were  the  parents  of  letten.  Tbia  mam* 
stance  greatly  fttvonrs  their  claim  to  the  inrention,  becaate  ChaUn, 
and  the  countries  adjieent,  are  allowed  by  all  aalhan,  b*tb  HcnJ 
and  probne,  to  hare  been  peopled  before  Egypt ;  and  it  it  nr. 
tain  that  many  whrie  aations,  recorded  to  be  descended  fron  ShM 

*  Pc  Mak  Detr.  Ilk  tlL 
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t.h«ir  letters   ftota  the    Phenicians,   who  wei« 

*.bat  the  Chaldeans,  the  Syrians,  the  Phenicians, 
rdered  upon  each  other  ;  and  as  the  PhenicUni 
L       "^^fc^  'ell  as  the  most  ancient  commercial  nation. 

."'  q^       ""^^^  ej  cummunicated  letters  to  the  Egyptians, 

^.    ^  ^    .  and  those  of  the  Egypliani,  being  not 

'alien,   when  he  says,  that  leUcrt 

iij  ■»--       '^_  ndred  aud  nineteen  years  lirrgra 

^^,  ""^  %_     "^a  -corded  by  Moses,   was  two 

^4^^^^^  "w  V  'f  years  before  that  event ; 

1^  J      *      ■"■*  hundred  and  fifty  years 

^    *  ■.rr«nl,onetho.s.,„l 

^  j/e  the  chri-'tiaa  a;ra, 

fc  diter  the  relga  of  Menes,  the 

-rding  to  Geo,  Syncellus  and  others) 

»ame  person  with  the  Misorof  Sanconiatho, 

me  Scriptures,  and  the  Osiris  of  the  Egyptians  ; 

^^  tWs  be  true  Of  not,  Egypt  h  frequently  called  in  tha 

(rtf«si  *«  land  of  Mizraim  +. 

^'*^- J  jA>"*'fn,  the  second  son  of  Amyn  or  Hara,  seated  himself 

t  tJse  eiit''»nce  of  ^^J'pt  at  Zoan,  In  the  year  before  Christ  two 
*'  0d  oa«  hundred  and  tighly.eight,  and  one  hundred  and  sixty 
<****  .  ifief  the  flood  ;  he  afterwards  built  Thebes,  and  some  say 
^''^phiS.  He  is  by  Herodotus,  I)y  Diodorus,  Eralosthenes,  and 
•*/-^nii»,b/Eosebiusand  Syncellus,  called  MenesJ. 

Ij^ore  the  iime  that  Mizraim  went  into  t^gypt,  Taaut  his  son  had 
gled  letters  in  Phenlcia  ;    and  if  this  inTention  took  place  tea 
before  the  mi)(ralion  of  his  father  into  B^ypt,  as  Mr.  JacksuH 


«ear» 


g^potth  " 


n  trace  letters  as  far  bark,  as  the  yes 


I 


akaiHlred  and  sefenty- eight  before  Christ,  and  one  hundred  and 
*(lv  af'*'  '''^  deluge  recorded  by  Moses  ;  and  beyond  this  period, 
the  written  annals  of  mmkind,  which  hare  been  hitherto  trans. 

•  MlA*'™' ''"  ""'  "^  H^ID'  led  coloniei  inia  Ee>P<<  bdJ  laid  Ihe  rauiHlatieD 
f  ,  kitflom,  wtiirh  Iwted  one  (hnannd  six  hiindrfd   toA  tiily-ltvee  ;caTi| 
Atoe*  ^*yP*  '>•  '"  ''"  ^"'y  ^"Pl°i^>  called  *be  Inrd  of  Hani, 
t  UahMHl  Hiilory,  vol.  v.  p.  S90. 
(  »«•<  oulhbr.  uty  ke  went  inlo  Egypl  t 
^cMiM  avf*  Ik*'  *'^*^  *he  ScripUBM. 
p.  80S.— Ooi».  Hill,  »ol.  aii.p-J. 


380  AMTICUITT  OF  WRITING, 

of  those  who  haTe  copied  them,  decide  in  fafovr  of  Egjpt,  bectost 
their  information  is  derived  from  the  Egyptians  themselTes.    TW 
positive  claim  of  the  Phenicians,  doth  not  depend  upon  the  sole 
testimony  of  Sanconiatho  ;  the  credit  of  his  liistory  is  so  well  ivp- 
ported  by  Philo  of  Biblas  his  translator,  Porphyry,  Pliny,  Cnrtioiy 
l/ucan,  and  other  ancient  authors,  who  might  have  seen  his  worki 
entire,  and  whose  relations  deserve  at  least  as  nnch  credit  asthsfs 
of  the  Egyptian  and  Greek  writers.     It  must  be  allowed,  that  Saa. 
coniatho's  history  contains  many  fabulous  traditions ;  bat  does  ast 
the  ancient  history  of  the  Egyptians,  the  Greeks,  and  moat  other 
nations,  abound  with  them  to  a  much  greater  degree  ?   Tko  fttg* 
ments  which  we  have  of  this  most  ancient  historian,  aro  chisiy 
furnished  by  Eusebius,  who  took  all  possible  advanligaa  to  fipn- 
sent  the  Pagan  writers  in  the  worst  light,  and  to  render  their 
theology  absurd  and  ridiculous. 

Cicero  *  distingubhes  five  Mercuries,  two  of  which  are  Egjptisa. 
Authors  are  much  divided  as  to  the  ages  in  which  they  lived,  hat 
the  most  ancient  is  generally  allowed  to  be  the  PheniciaB  Taaat, 
who  passed  from  thence  to  Egypt  It  is  probable  that  he  i^glit 
teach  the  Egyptians  the  use  of  letters  ;  and  that  the  secoad  Tual, 
Mercury,  or  Hermes  Trismegistus,  improved  both  the  alphftbataai 
language,  as  Diodoms  and  others  have  asserted*  The  PheticiHi 
and  Egyptian  languages  are  very  similar,  but  the  latter  is  said  to  hs 
more  large  and  full,  which  is  an  indication  of  Its  being  of  a  lalw 
date. 

The  opinion  of  Mr.  Wise,  that  the  ancient  Egyptians  luid  not  Os 
knowledge  of  letters,  seems  to  be  erroneous :  as  they  had  ooasav* 
cial  intercourse  with  their  neighbours  the  Phenicians,  they  probably 
had  the  knowledge  of  letters,  if  their  policy  (like  that  of  the  Chiacss 
at  this  day)  did  not  prohibit  the  use  of  them. 

The  Chaldeans,  who  cultivated  astronomy  in  the  imast  rOMli 
ages,  used  symbols,  or  arbitrary  marks,  in  their  caloilatkms  |  mi 
we  have  shewn  that  these  were  the  parents  of  letters.  Thiadians* 
stance  greatly  favours  their  claim  to -the  invention,  becaqseChaHNi 
and  the  countries  adjacent,  are  allowed  by  all  authors,  both  sacii' 
and  profane,  to  have  been  peopled  before  Egypt ;  and  It  if  ear* 
tain  that  many  whole  nations,  recorded  to  be  descended  from  Shtfi 

e  Pt  Nal.  Heer.  Ub.  iii. 
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vaA   3»phet,   had  (heir  letters  frota  the   Phenicians,   who  wer« 
descendetl  from  Ham  *. 

It  is  observable,  that  the  Chaldeans,  the  Syrians,  the  Phenicians, 
&Dd  Egyptians,  all  bordered  upon  each  other  ;  and  as  the  Phcnieiani 
were  the  greatest,  as  well  as  the  most  ancient  commercial  nation, 
it  is  very  probable,  that  ihcy  couimunicated  letters  to  the  Egyptia 
the  ports  of  Tyre  and  jidon,  and  those  of  the  Egyptians,  being  not 
ftr  distant  from  each  other. 

Mr.  Jatkson  is  eTidenlly  mistaken,  when  he  says,  that  letters 
were  invented  tvto  thousand  six  hundred  and  nineteen  yean  bifora 
the  birih  of  Cbri^.  The  deluge,  recorded  by  Moses,  wu  two 
thousand  three  hundred  and  forty.ninc  years  before  that  e 
and  if  letters  were  not  invented  till  live  hundred  and  fifty  years 
after,  as  he  asserts,  we  must  date  their  recovery  only  one  thousand 
•ereu  hundred  and  ninety-nine  years  before  Ihe  chri 
which  is  four  hundred  and  ten  years  after  the  reign  of  Mcnes,  the 
first  king  of  FIgypt,  who  (according  to  Geo.  Syncellus  and  others) 
is  said  to  have  been  the  same  person  with  Ihe  Misor  of  Sanconjatha, 
the  Mizraim  of  tlie  Scriptures,  and  the  U^iris  of  the  Egyptians  ; 
but  whether  this  be  true  or  not,  Egypt  is  freiiuently  called  in  Ihe 
Scriptures,  the  Und  of  Mizraim  f . 

This  Mixraim,  the  second  son  of  Amyn  or  Ham,  sealed  himiclf 
near  the  entrance  of  Egypt  at  Zoan,  in  the  year  befort^  Christ  two 
thautand  one  hundred  and  eighty. eight,  ami  one  hundred  and  sixty 
years  after  the  flood  ;  he  afterwards  built  Thebes,  and  some  say 
Memphis.  He  is  hy  TIerodolus,  by  Diodorus,  Eralosthcnes,  and 
Afrii-anus,  by  Eusebius  and  Syncellus,  called  Menes  X- 

Uefuro  the  time  that  Miiraim  went  into  t^gypl,  Taaut  his  son  hod 
inveDfed  letters  in  Phenicia  ;  and  if  this  invention  took  place  tea 
years  before  the  mij^ralion  of  his  father  into  Egypt,  as  Mr.  Jackson 
supposes,  we  can  trace  letters  as  far  back,  as  the  year  two  thousand 
one  handred  and  seventy. eightbeforeChrisf,  and  one  hundred  and 
fifty  after  the  deluge  recorded  by  Moses  ;  and  beyond  this  period, 
the  written  annals  of  mankind,  which  have  buen  hitherto  Iraas- 

•  Mitnim,  (he  uin  of  H:im,  M  rDlaniesinto  ER>pl,  and  laid  Ihe  raondaliea 
•f  a  kiDcdum,  wliirh  luled  one  Ihntuand  six  hunilrfd  and  iiiity-liuve  jean) 
whcncf  EcTpl  ii.  in  Ihe  Holy  Scrlprui«,  called  the  land  of  Ham. 

t  Ushrnal  Hiilory,  vol.  v.  p.  S90. 

t  TkcK  aulbori  uy  he  went  inln  Egypt  Iwcnly-one  yrnn  tanner)  bnl  tbii 
accnUBl  ait>e«  brit  with  the  ScrlpluiM.  S«e  SlocUiouH't  Hnt.  sf  ilie  Bible 
p.  g03--Uuiv.  Hill.  vol.  «ii-  p- J. 
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ihlttfd  to  QS,  M'tll  not  enable  ns  to  trace  the  knowledge  of  thetit; 
though  this  want  of  materials  is  no  proof,  that  letters  were  not 
known,  nntil  a  cenfnry  and  a  half  after  the  deluge. 

As  for  the  pretensions  of  the  Indian  nations,  we  must  be  better 
acqoainted  with  their  records,  before  we  can  admit  of  their  claim 
to  the  first  use  of  letters ;  especially  as  none  of  their  MSS.  of  greit 
antiquity  have  as  yet  appeared  in  Europe.  That  the  Arabians 
wtie  not  the  inventors  of  letters^  hath  appeared  by  the  coniesttOD 
of  their  own  authors. 

Plato  somewhere  mentions  Hyperborean  letters,  Tery  diffiereat 
from  the  Greek  ;  these  might  have  been  the  characters  used  by  the 
Tartars,  or  ancient  Scythians. 

ANTEoDILUVIAN  WEITING. 

It  may  be  expected,  that  something  should  be  said  concerning 
those  books,  mentioned  by  some  authors  to  have  been  written  be« 
fore  the  deluge  *  )  bat  as  Moses  is  silent  upon  the  subject,  we  hart 
no  materials  that  will  enable  us  to  form  an  opinion.  St.  Jade,  ia 
his  Epistle,  v.  14,  tells  us,  that  Enoch  prophesied  ;  but  this  apoitie 
might  quote  a  Jewish  tradition,  for  he  does  not  say  that  Enocb 
wrote.  The  tales  which  have  been  told  us  concerning  the  books  of 
this  patriarch,  are  too  absurd  to  deserve  serious  attention  f .  WA 
respect  therefore  to  Writings  attributed  to  the  ante-diloTiani,  it 
seems  not  only  decent  but  rational,  to  say,  that  we  know  nothhi^ 
concerning  them  ;  though  it  might  be  improper  to  assert,  that  kU 
ters  were  unknown  before  the  deluge  recorded  by  Moses. 

As  for  the  pillars,  mentioned  by  Josephus  to  have  been  eredtA 
by  the  sons  of  Setb,  whereon  they  wrote  their  invented  sciences,  ire 
agree  with  the  learned  abbot  of  Claraval,  that  the  bare  reading  rf 
Josephus,  is  all  that  is  requisite  to  prove  them  imaginary. 

*  Amongst  others,  Dr.  Parsons,  who  supposed  that  letters  were  kaawa  to 
Adam. — Remains  of  Japhet,  p.  346, 359. — The  Sabeans  produced  a  book  wUdt 
(hey  pretend  was  written  by  Adam.     Univ.  Hist.  vol.  i.  p.  790,  fol.  edit. 

f  Origen  reports,  that  certain  books  of  Enoch  were  found  in  Arabia  Fdii,is 
the  dominions  of  the  queen  of  Saba.  Tertalttan  roundly  aflinnB,  that  he  ant  uf 
read  several  pages  of  them ;  and,  in  his  Treatise  de  Habitu  Mulieniai,  lie  jAicn 
these  books  among  the  canonical  i  bat  St.  Jerome  and  St.  Austin  look  «p<Ni 
them  as  hypocrypbal.  William  Posfellus  pretended  to  compile  bis  works,  De 
Origioibus,  from  the  book  of  Enoch.  Thomas  B.ingius  pnbllshed,  at  CopfiAt- 
.  gen,*iH  l(i61»  a  work  wbieh  contains  many  si ngnlar  relation*,  eoneefalngtte 
BMMger  Qf  rwtlAiig  wnamg  the  Aale-dil«nriBni,  wbcfeia  are  comalDed  teteial 
pleasant  tales  cunceming  the  books  of  £no€lk  ■.  ..... 
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Upon  ihe  whole,  it  Bi>[iears  to  us,  that  the  Pbciiicians  liave  (he 
bed  claim  tu  the  hjnuur  of  the  iurcntiuD  of  letters, 

lAslle. 

SECTION  IV. 

Instruments  for  tsriling  with. 

_  jdous,  (hat  when  men  wrote,  or  rather  engraved,  on  hard 

lubstances,  Instrumenl-i  of  metal  were  necessary,  such  as  the  chisel 
and  ilylus;  but  the  taller  was  chielly  used  for  writing  uiioa 
boards,  waxed  tablets,  or  on  bark;  these  were  someliaiea  made  of 
Iron,  but  afterwards  of  sIlTer,  brass,  or  bone,  citlted  in  Greek 
y^tiir,  and  in  Latin  stjius;  though  the  Itumaiis  adopted  the 
Greek  word,  as  appears  by  this  TGrse  in  Or!  J: 

Quid  di^itos  opus  est  graphium  Ussare  teoendo  i 

J. The  stylus  was  made  sliarp  at  one  end  to  write  tvilh,  and  blunt 

t  the  other  to  deface  and  correct  what  wa^  not  approved  ;  lienci! 

e  phrase  verlere  stijlum  lo  blot  out,  became  common  amon^  the 

Etamani.     The  iron  styles  were  dangerous  weapons,  and  were  pro* 

itittd  by  the  Romans,  and  those  of  bone  or  ivory  were  used  in 

^ir  stead.     Suetonius  tells  us,  Ih^t  Caesar  seized  Ihe  arm  uf  Cas- 

n  full  senate,  and  pierced  it  with  his  stylus.     lleaUuKdys  lliat 

Caligula  excited  (he  people  lo  massacre  a  Roman  senator   with 

tbvir  s(_^les.     And  Seneta   mentions   tiiat  one  F^ri\o,  a  Roman 

knight  ill  Ids  time,  having  scourged  his  son  lo  dtath,  was  atbcked 

K  the  foium  by  tlie  mob,  who  stabbed  him  in  many  parts  of  hii 

li  the  iron   slyles   uhich   belonged   to   their   pugillares, 

B  that  he  narrowly  escaped  being  killed,  though  the  emperor  in. 

rpojed  hii  anthorily  *.     Prudenlius  very  emphatically  describes 

\  tortures  which  Cassianus  +  was  put  to  by  his  scholars,  who 

|lkd  him  wilh  Uicir  pugillares  and  styles  : 

Buxa  crepant  cerata  genii  impocia  crnenlis, 
Rubetqae  ob  iciu  curva  hnmens  {lagina  ; 

P*  De  Clcmrntia,  lib,  i   cup.  14. 
^-mtCanianiB  Wiis  the  fir^i  blihop  of  Sibon,  )n  Qrnany,  nhpre  hp  bniha 
A  la  330 1  bathe  woi  d-lrcnaway  by  Uip  Pa^m,  andUcd  la  Rome,  where 
rd  Khool master  far  a  iubsislence.      In  (he  year  SGJ,  be  win,  b>, 
bt  arder  at  tlic  £m|)Frar  Julian,  cipotcil  la  the  sicicilcurig«  uf  lusicliutan. 
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Inde  alii  stimnlos,  et  acamina  ferrea  Tibrant, 
Qu^  parte  aratis  cera  sulcis  scrlbitur. 

Uspi  ^itayxVf  p.  9S. 

%Vhen  the  ancients  wrote  on  softer  materials  than  vrood  or  me. 
fal,  other  instruments  were  used  for  writing  with,  of  which  reeds 
and  canes  seem  to  hare  been  the  first.  Pliny  sajs  that  Egjpt  for* 
nished  a  great  quantity  of  the  kind  of  reeds  which  were  nsed  for 
writing  with  *:  and  Martial  hath  these  words : 

*'  Dat  chartis  habilea  calamos  Memphitica  tellusf  •'' 

Reeds  and  canes  are  still  used  as  instruments  for  writing  with  hj 
the  Tartars,  the  Indians,  the  Persians,  the  Turks,  and  the  Greeks* 
Mr.  Halhed  tells  me  that  the  two  first  of  these  nations  write  witk 
small  reeds  bearing  the  hand  exceedingly  lightly.  Ta?ernier|  in 
one  of  his  Toyoges  says  the  same  of  the  Persians.  Ranwolfl*,  wW 
travelled  in  1583,  relates,  that  the  Turks,  Moors,  and  eastern  aa* 
tions,  use  canes  for  pens,  which  are  small  and  hollow  wltMiy 
smooth  without,  and  of  a  brownish  red  colour  X* 

The  canes  in  Persia  are  cut  in  March,  which  they  dry  in  ftt 
tmoak  for  about  six  months  ;  those  which  are  coyered  with  a  iac 
Tarnish  of  black  and  yellow,  are  esteemed  the  best  for  wiMag 
with. 

The  Indians  more  frequently  write  with  the  cane  called  iNUiboOy 
which  is  cut  about  the  length  and  thickness  of  our  pent. 

Pencils  made  of  hair  are  used  by  the  Chinese  for  their  writi^s 
they  first  liquify  their  ink,  and  dip  their  pencils  into  it  Tha  laifl 
capital  letters  were  made  with  hair  pencils  from  the  time  of  Aa 
Roman  emperors  (ill  the  sixteenth  century.  After  the  iuTentioi  a( 
printing  they  were  drawn  by  the  illuminators. 

Quills  of  geese,  swans,  peacocks,  crews,  and  other  birds  hit 
been  used  in  these  western  parts  for  writing  with,  but  how  Umg  h 
not  easy  to  ascerlaiu.  St.  Isidore  of  Seville,  who  lived  s^KNit  Ifca 
middle  of  the  seventh  century,  describes  a  pen  made  of  a  qntll  ai 
used  in  his  time.     *^  Instrumcnta  scrlbas  calamus  et  penoa;  ex  lit 

•  PWn.HhM.xvl.c.W. 

t  Lib.  aw.  Eplgr.  S4. 

^  Raawolff*f  Travflf,  p.$7. 


«niin  Terba  paglnia  infiguntur;  sed  caUmus  arboria  t-st,  puniia 

avis,  cujus  acutnen  dividitur  in  duo  '." 
L       Some  u(  (he  instrumenU  necessary  for  the  occupation  of  a  libra- 
B  rius  or  boolc.  writer  are  delineated  in  a  book  of  the  four  gospels  in 

■  tbe  Uarleinn  library  (No.  2820),  wrill^n  in  Italy  in  tbc  fenlh  cen. 
m  tary,     The  vellum,  on  which  this  book  is  written,  is  stained  of  dif- 

■  fcrent  colours  at  llic  beginning  of  ench  gospel. 
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Inks. 

ivK  has  not  only  bc^n  useful  in  all  ages,  but  still  continties  nb50> 
lately  necessary  to  the  preservation  and  improTeinEnt  of  evpry  art 
and  science,  and  for  conducting  the  ordinary  transactions  of  life. 

Daily  experience  shews,  that  the  nioit  comnion  objects,  generally 
prove  raosl  useful  and  beneficial  to  mankind.  The  constant  occa- 
sion we  have  for  ink,  evinces  its  convenience  and  utility.  From 
the  inipoitant  benefits  arising  to  society  from  its  use,  and  the  inju. 
lies  individuals  may  i^ulTcr  from  the  frauds  of  designing  men  in  the 
abuse  of  thb  necessary  article,  it  is  to  be  wished  that  the  legislature 
would  frame  some  regulation  to  promote  ils  improvement,  and 
prevent  knavery  and  avarice  from  making  it  instrumental  to  the 
Kccomplbhroent  of  any  bose  purposes. 

Simple  as  the  composition  of  ink  may  be  thought,  and  really  li,  it 
h  a  fact  well  known,  that  we  have  at  present  none  equal  in  beauty 
andcotour  to  that  ussd  by  the  ancients;  as  will  appear  by  an  in. 
tpection  of  many  of  the  MSS.  above  quoted,  especially  those  writ. 
ten  in  England  in  the  times  of  the  Saxons.  What  occasions  su  great 
K  disparity  I  Does  it  arise  from  our  ignorance,  or  from  our  want 
ot  materials?  From  neither, but  from  the  negligenceofthe  present 
ncti;  as  very  little  attention  would  soon  demonstrate,  that  wa 
want  neither  skill  nor  ingredients  to  make  ink  as  good  now,  as  at 
WMtj  former  period. 

It  ii  an  object  of  the  utmost  importance  that  the  records  of  par, 
ment,  the  decisions  and  adjudications  of  the  courts  of  justice, 
mveyances  from  man  to  man,  wills,  testaments,  and  other  instru. 
I,  which  aflfect  property,  should  be  written  with  ink  of  such 


3Sff  inks; 

durj1)}e  qoality,  as  may  bent  resbt  the  destructive  powers  of  timr 
and  the  elements.  The  necessity  of  paying  greater  attention  to  thi» 
mRttf-r  may  be  readily  seen  by  comparing  the  rolls  and  recoids, 
that  have  h«>en  written  from  the  lifteenth  century  to  the  end  of  the 
st-Tonti  enth,  with  the  writings  we  hare  remaining  of  Tarioos  ages 
from  the  fifth  to  the  twelfth  centuries.  Notwithstanding  the  superior 
anti'iMit>  of  the  latter,  they  are  in  eiceilent  preservation  ;  but  we 
fiequcntly  find  the  former,  though  of  more  modern  date,  so  macb 
defaced,  that  they  are  scarcely  legible. 

Inks  are  of  various  sorts,,  as  encanstie  or  varnish,  Indian  ink, 
gold  and  silver,  purple,  black,  red,  green,  and  various  other  co» 
lours :  there  are  also  secret  and  sympathetic  inks. 

The  ink  used  by  the  ancients  had  nothing  in  common  with  ours, 
bat  the  colour  and  gum.  Gall  nuts,  copperas,  and  gum,  makenp 
the  composition  of  our  ink  ;  whereas  soot,  or  ivory  black,  was  tiM 
chief  ingredient  in  that  of  the  ancients ;  so  that  very  old  charters 
might  be  suspected,  if  written  with  ink  intirely  similar  to  what  wt 
use  ;  but  the  most  acute  and  delicate  discernment  is  necessacj  in 
this  matter,  for  some  of  the  inks  formerly  used  were  liable  to  iMk 
and  decay,  and  are  found  to  hare  turned  red,  yellow,  or  pale  :  thoas 
imperfections  are  however  rare  in  MSS*  prior  to  the  tenth  centuy. 

There  is  a  method  of  reviving  the  writing,  but  this  eipedisnt 
should  not  be  hazarded,  lest  a  suspicion  of  deceit  should  arise^  uA 
the  support  depended  on  be  lost* 

Golden  ink  was  used  by  various  nations,  as  may  be  seen  in  ss« 
veral  libraries,  and  in  the  archives  of  chorches.  Silver  ink  was  abr 
common  in  most  countries.  Red  ink,  made  of  vermilion,  cinna- 
bar, or  purple,  is  frequently  found  in  the  MSS.  but  none  are  found 
written  intirely  with  ink  of  that  colour.  The  capital  letters  ars^ 
made  with  a  kind  of  varnish  which  seems  to  be  composed  of  wtntL 
lion  and  gum.  Green  ink  was  rarely  used  in  charters,  but  oltet 
in  Latin  MSS.  especially  in  those  of  the  latter  ages :  the  guardiais 
oC  the  Greek  emperors  made  use  of  it  in  signatures,  till  the  laiisr 
were  of  age.  Blue  or  yellow  ink  was  seldom  nsed  but  in  MSS.- 
lUe  yellow  has  not  been  in  use,  as  far  as  we  can  learn,  for  six  hnu 
drcd  years. 

Metallic  and  other  characters  were  sometimes  burnished.  Wax 
was  used  as  a  varnish  by  the  Latins  and  Greeks,  but  much  mora 
by  the  latter,  with  whom  it  continued  a  long  time.  This  covering 
or  varnish  was  very  frequent  in  the  ninth  century. 
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COLOUB* 

The  ^olouf  of  Que  ink  is  of  no  great  assistiiice  in  antbenGcftUnf 
MSS.  and  charters.  There  is,  sajs  Mr.  Astle,  in  my  fibrarj, 
Mong  roll  of  parchment,  at  the  head  of  which,  is  a  letter  that 
was  carried  over  the  greatest  part  of  England  by  two  devont 
monks,  requesting  prajers  for  Lnda  de  Yere,  connteas  of  Ox. 
ford,  a  pions  lady,  who  died  in  1199;  who  had  founded  the 
iKnise  of  HenniDgham,  in  Essex,  and  done  many  other  acts  of 
piety.  This  roll  consists  of  many  membranes,  or  skins  of 
parchment  sewed  together  ;  all  of  which,  except  the  first,  contain 
certificates  from  the  different  religions  houses,  that  the  two 
monks  had  risited  them,  and  that  they  had  ordered  prayers  to 
be  oiered  up  for  the  countess,  and  had  entered  her  name 
IB  their  bead^roUs.  It  is  obserrable,  that  time  hath  had  lery 
diftfcnt  efijects  on  the  Tarioos  inks,  with  which  these  eertificatea 
were  written ;  some  are  as  fresh  and  black  as  if  written  yesterday, 
otters  are  changed  brown,  and  some  are  of  a  yellow  hue.  It  may 
aatnially  be  supposed  that  there  is  a  great  ?ariety  of  hand- writings 
upon  iM»  roll ;  but  the  fact  is  otherwise,  for  they  may  be  reduced 
(o  throe. 

The  letter  at  the  head  of  the  roll  is  written  in  modem  Gothic 
characters^:  fonr-fifths  of  the  certificates  are  Norman,  which 
Aews  that  this  mode  of  writing  had  taken  place  of  almost  every 
ether.  Some  of  the  certificates  are  in  modem  Gothic  letters, 
which  we  conceive  were  written  by  English  monks ;  and  a  very 
few  are  in  Lombardic  small  letters.  It  may  however  be  said  in  ge« 
menl  that  black  ink  of  the  serenth,  eighth,  ninth,  and  tenth  cen« 
torles,  at  least  amongst  the  Anglo-Saxons,  preserves  its  original 
Ua^meM  much  better  than  that  of  succeeding  ages  f ;  not  even 
exciting  the  sixteenth  and  seventeenth,  in  which  it  was  frequently 
ynrj  bad.  Pale  ink  very  rarely  occurs  before  the  four  last  cen- 
ivrtes. 

Peter  Canlparius,  Professor  of  Medicine  at  Venice,  wrote  a 
cnrioiis  book  concerning  inks,  which  is  now  scarce,  though  there 
is  an  edition  of  it  printed  in  London  in  1660,  4 to.  The  title  is, 
^^  De  Atramentis  cojuscunqne  generis  opus  sane  novum.  IJacteous 


*  Tbft  letter,  with  an  accoiml  of  it,  is  in  WcevcT*s  Funeral  Moduments, 
Ust  edit.  Lond.  1767,  4to.  p.  379. 

f  The  Teita  Sancti  Cuthberti  in  the  Cottonian  library,  (Xcro  D.  4.)  denon- 
ftrates  the  troth  of  this  assertion. 
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4  nemine  promulgatom."  This  work  is  divided  into  six  parfib 
The  first  of  vhich  treats  generally  of  inks  made  from  pjriteSy  stones 
and  metals. 

The  second  treats  more  particularlj  of  inks  made  from  aattals 
and  calxes* 

The  third  of  ink  made  from  soots  and  vitriols. 

The  fourth  of  the  different  kinds  of  inks  used  bj  the  librarH  or 
IxHik-writers,  as  well  as  by  printers  and  engravers,  and  of  staining 
or  writiog  upon  marble,  stucco  or  scaliolia,  and  of  encaustic  modes 
of  writing ;  as  also  of  liquids  for  painting  or  colouring  of  leather^ 
cloths,  linen,  and  woollen,  and  for  restoring  inks  that  bave  bcoa  de- 
faced by  time ;  as  likewise  many  methods  of  effacing  writin|^  re 
storing  decayed  paper,  and  of  various  modes  of  secret  writing. 

The  fifth  part  treats  of  inks  for  writing,  made  in  dififerent  coin, 
tries,  of  various  materials  and  colours ;  as  from  gums,  woodsy  the 
juice  of  plants,  &c.  and  also  of  different  kinds  of  varoiihes. 

The  sixth  part  treats  of  the  various  operations  of  extracting  xU. 
triol,  and  of  its  chemical  uses* 

This  work  abounds  with  a  great  variety  of  philosophical,  cheni* 
cal,  and  historical  knowledge,  and  we  conceive  will  give  great  eatt r. 
taioment  to  those  who  wish  for  information  on  this  sobject.  Masj 
curious  particulars  concerning  ink  will  be  found  in  Weckens  ds 
Secretis*.  This  gentknian  also  gives  recipes  for  making  inks  of 
the  colour  of  gold  and  silver,  composed  as  well  with  those  metilsv 
without  them ;  also  directions  for  making  variety  of  inks  fiir  secret 
writing,  and  for  defacing  of  inks.  There  are  many  marvellois 
particulars  in  this  last-mentioned  work,  which  will  not  eaafly  gsia 
credit  with  the  judicious  part  of  mankind. 

The  chief  requisites  for  the  making  of  good  writiog  ink^  art)  !• 
Limpidity,  so  that  it  may  flow  freely  from  the  pen.  %  A  dsep 
uniform  and  black  colour.  3.  Durability,  so  that  the  letters  be  aft 
liable  to  be  effaced  by  age  >  and  4.  It  should  be  divested  of  aay 
corrosive  quality,  by  which  the  substance  of  the  paper  may  be  ds* 
stroyed,  or  the  writiog  rendered  in  any  degree  illegible.  No  bk 
however,  hitherto  used,  possesses  all  these  properties ;  hence  seferil 
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ingenious  chemists  bare  been  indaced  to  nuJce  eiperimenta,  io  order 
to  render  it  more  perfect. 

M.  Ribaucourt,  in  the  "  Aonales  de  Chimie,"  directs  eight  oodcm 
of  Aleppo  galls,  and  four  oanctsof  logicood,  to  be  boiled  in  Iwelve 
finands  of  water,  till  the  quantity  is  reduced  to  one  half  ;  wb«a  ibe 
tiqnor  should  be  strained  through  a  linen  or  hair  liere  into  a  propet 
Tetsel.  Four  ounces  of  sulphate  of  iron  (green  ritriolji  three 
ounces  of  gum-arabic  ;  one  ounce  of  sulphate  of  copper  (blue 
liiriol);  and  a  similar  tjuanlilj  of  siigu.c*ody,  are  now  la  be 
added  :  the  liquid  should  be  frequently  tbatnt,  to  fkcilitale  the  so. 
lution  of  the  sails.  As  soon  as  these  ingredients  are  perfectly  &*- 
lolred,  the  composition  issoffered  loBubaidefor  twenty-fonr  boDri; 
wbem  the  ink  may  be  decanted  from  the  gross  sediment,  and  pr«- 
Sfrred  fbr  use  in  glass  or  stone  hollies,  well  stop[ied. 

This  ink  exhibiti  a  porpUth  black  colour  ia  tbe  bottles ;  bnt  the 
writing  performed  with  it  is  said  to  tw  of  a  beanlifu)  black  cast, 
which  it  retains,  unaltered,  for  a  coiuiderable  length  of  time.  E^ach 
It  of  lb«  preparation  contains : 

«.  drf.  grt. 
Of  Galls  ....     2     5      SO 
Greea  vitriol      .     1      3     40 
Logwood  .        .      I      1      40 
Gum  ..-10        0 
Blue  tilriol        .      0     3       40 
Sugar-candy       .      0     2      40 
M.  Ribaucourt  is  of  opiuioD,  thJt  ink  thus  prepared,  may  bt 
rred  seieral  years  in  a  state  of  perfection,  without  depositing 
T  galls  or  iron. 
The  ink  commonly  used,  is  manufactured  by  stationers,  accord, 
ing  to  Dr.  Lewis's  recipe ;  but  it  is  ill  calculated  for  keeping,  as  k 
deposits  a  black  sediment,  while  tbe  fluid  itself  is  of  a  pale  cotobf. 
Each  qnut  of  this  mk  contains  : 
^  cz.  dr$.  grg. 

^k  Of  Galls     ....    3     0      O 

^M  Green  ntjiot    -10      0 

^K  Logwood  .     .    0    5    34 

^r  Gum   -      ..10       0 

H^  Nwtber  blue  Titriol  nor  sugar  are  employed  in  tbu  prepartf  i»n. 
H^Ai,  boweTer,  both  the  ink  made  after  the  latter  method,  and  that 
■  «om|M)tinded  according  to  other  recipe),  art  B«t  adapted  to  retiit 
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the  effects  ofacicls,  and  are  consequently  by  oo  means  fit  for  recordfy 
deeds,  and  other  docuntents ;  M.  Westrumb  recomroeods  the  foL 
lowing  ingrKlients,  as  being  well  calculated  to  remedj  this  incoiu 
Tenience.  He  directs  one  oonce  of  Brazil-wood,  and  a  sinilar 
quantity  of  gall.nnts,  to  be  boiled  in  forty-six  ounces  (sonewhat 
less  than  three  pints)  of  water,  till  the  whole  be  reduced  to  thirty* 
two  ounces,  or  about  two  quarts. 

This  decoction  is  to  be  poured,  while  hot,  upon  half  an  ounce 
of  copperas,  or  green  ritriol ;  a  quarter  of  an  ounce  of  guni-arabiC| 
and  a  similar  quantity  of  white  sugar.  As  soon  as  a  perfect  solo* 
tion  of  these  substances  has  taken  place,  one  ounce  and  a  quarter 
of  indigo  finely  puWerized  is  to  be  added  ;  together  with  three 
quarters  of  an  ounce  of  the  purest  lamp  black,  prerioasly  dilated 
in  one  ounce  of  the  best  brandy.  The  whole  is  to  be  well  inoor* 
porated  ;  and,  after  it  has  subsided,  M.  Westrumb  asserts  that  it 
will  form  an  ink  absolutely  indestructible  by  acids. 

A  more  simple  composition,  is  that  proposed  by  M*  Bosse,  who 
directs  one  ounce  of  lirazil  wood  to  be  boiled  in  twelve  ounces  of 
water,  with  half  an  ounce  of  alum,  till  the  liquid  be  reduced  to 
eight  ounces  ;  when  one  ounce  of  calcined  manganese  is  to  be 
mixed  with  half  an  ounce  of  gum-arabic,  and  added  to  the  liqaor, 
which  should  be  prefiously  decanted,  in  order  to  render  it  perfect!/ 
limpid.  This  preparation  is  said  to  possess  the  property  of  beiof 
indelibK^  by  the  use  of  any  kind  of  acid,  and  to  be  superior  to  tbit 
proposed  by  M.  Westrumb. 

A  durable  ink  may  also  be  prepared  by  washing  ptper,  parck 
ment.  &c.  with  the  Prn^sic  acid,  which  will  not  in  the  least  Injvie 
either  of  these  substances.  The  materials,  thus  prepared,  maybe 
written  on  with  common  ink,  and  a  ground  of  Prussian  bloe  will 
be  formed  beneath  e?ery  stroke,  which  will  remain  long  alter  tbt 
black  has  decayed  by  the  influence  of  the  dir^  or  been  destroyed 
by  acids. 

The  latest,  and  perhaps  most  simple,  preparation  of  black  iok| 
is  that  contri?ed  by  Van  Mons,  who  obserred  that  sulphate  of  ires, 
or  green  vitriol,  when  calcined  till  it  becomes  white,  unifonnlf 
afforded  a  Tery  beautiful  black  precipitate.  According  to  bis  ex« 
periments,  the  following  ingredients  produced  an  excellent  writiog 
ink :  four  ounces  of  galls,  two  ounces  and  a  half  of  calcined  vitriol 
of  iron  perfectly  white,  and  two  pints  of  water.  The  whole  wis 
infosed  in  a  cold  place  for  twenty.four  boars ;  adding  ttn  dnuBS  of 
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^/l^^nlTcrixr'i]  gam.aiabic,  bd^  preserving  i(  in  a  glaas  boUle,  or  glazed 
'Carlbi-n  Tciset,  tlishUy  coveted  with  paper. 

Van  Moris  lias  a^'plied  the  diBcovciies  of  Proust  (o  the  prepara- 
jti  of  rommon  willing  ink.  He  has  found  that  the  sulphate  of  iron 
Icined  to  wliitrii<'!^s,  alwij's  gives  a  most  beaatiful  lilack  prccL 
fitale.  By  the  following  tnixturp,  he  obtained  excellent  ink: 
^Us  4ot.  ;  sulphate  of  iron,  calcined  to  nhiteness,  i\  oz.;  and  two 
,^nls  of  water.  The  whole  must  be  left  to  macerale  cold  for  34 
LrlRwrs:  (hen  add  gum-nrablc  10  drams,  and  preserve  it  in  a  ston« 
|sr  open,  or  CDvet<'d  mirety  with  paper.  ChaptsI  has  also  em. 
iployed  (he  calcined  sulpliale,  in  coiiDPCtion  with  the  dtcoctio:i  of 
^alltiuls  and  logwood, 

t  M.  Desormeaui,  Juar.  of  Vine  court,  SpitalGelds,  who  has  long 
■JiMn  in  the  hnbit  of  preparing  ink  upon  u  large  scalr,  h.>s  I'ommu- 
rAkatid  to  the  Pbilosopliicnl  Magnzio",  a  valuable  paptr  on  (he 
■tabjtcl,  from  which  die  following  clirtLtionsare  extracdd.  In  six 
llimrts,  beer'ineaEure,  of  water,  (it  does  nut  appear  of  impor(ance 
^bctlit  r  it  be  r^iin,  river,  or  spring  water)  boil  four  ounces  of  the 
Campeachy  logwood,  chipped  very  (hin  across  the  grain  (the 
itening  may  be  con(inued  near  an  hnur) ;  adding  from  time  to  (Jme 
lillle  boiliuR  wB(er,  to  compensate  for  weight  by  evaporation. 
aSlrun  the  liquor,  while  hot  ;  suiter  it  (o  cool,  and  make  up  the 
aanlily  equal  to  live  quarts,  by  tht;  further  addition  of  cold  water, 
'«  this  cold  dccociion,  put  one  pound  arerdujiois  watte  of  blue 
■lis,  or  SO  01.  of  the  best  galls  in  sorts,  which  shonld  be  lirst 
oars«l>  bruised  ;  4  oz.  of  sulphate  of  iron,  calcined  lo  whiteness  ; 
rOE,  of  l>>e  aceiite  of  copper,  which  should  be  lritura(ed  in  a  mor. 
ir,  noi'tened  by  a  litdc  of  the  decociion  gradually  adiled  till  it  be 
Irrought  10  the  (urm  of  a  smooth  paste,  and  then  thoroughly  inter. 
putrd  with  the  whole  mass.  Three  ounces  of  coiirse  brown  sui;ar 
jBOd  six  ounces  of  good  gum  Senegal,  or  Arabic,  are  also  to  be 
Added.  These  several  ingredients  may  be  introduced  one  after  the 
«(het  immediately,  contrary  (o  the  adfice  of  some,  who  reeom. 
jpwnd  (he  gum.  Sic,  to  be  added  when  the  ink  is  ni-arly  made; 
IH  gum,  however.  Is  at  present  exorbitantly  dear,  three  or  four 
mnces  will  be  found  snlhcient,  with  only  one  and  a  half  ounce  of 
jngar,  unless,  for  particular  purpose^,  it  is  wanted  to  bear  a  higher 
^oss  than  commoD.  As  (he  common  writing  inks  are  delible  by 
Wmy  of  the  acids,  esperialiy  the  osymurialic,  several  chemist*  ai>d 
others,  parlifularly  M.  I'itcl  of  Minden,  Dr.  Leu  tin,  Wieglib, 
2C4 
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Westnimb,  Thorey,  M.  Bosse,  of  Hambargb,  have  endeavoured  ti 
discofer  a  composition  which  woald  resist  the  action  of  this  acid| 
and  most  of  them  have  succeeded  in  the  attempt.  The  two  follow* 
ing  methods  are  g'uven  by  Bosse.  1.  Boil  1  oz,  of  brazil-wood  with 
12  ozs.  of  water  for  a  quarter  of  an  hour  ;  add  fox.  of  alum;  era. 
porate  the  whole  to  8  ozs.,  and  mix  with  the  liquor  1  oz.  of  ei» 
ceedingly  soft  finely  pulverized  manganese,  mixed  up  with  -^oLof 
pulverized  gum-arabic  ;  or  2.  Boil  4  oz.  of  Brazil  wood,  and  3  ozs. 
of  coarsely  pulverized  galls,  with  9  ozs.  of  vinegar  and  as  modi 
water,  for  the  space  of  eight  minutes  ;  in  the  liquor  after  befag 
strained,  dissolve  l-|  oz.  of  sulphet  of  iron,  and  1  oz*  of  gum-arabic ; 
and  then  add  to  the  whole  a  solution  of  f  oz.  of  indigo  in  1  oi.  of 
concentrated  sulphuric  acid.  M.  Bosse  also  prepared  an  ink  irm 
the  principal  ingredients  of  common  ink,  but,  instead  of  the  usual 
liquids,  he  employed  the  expressed  jaice  of  some  plant :  those  which 
he  found  most  efficacious  were  obtained  from  the  leaves  of  the  capsr 
spurge,  Euphorbia  Lathtfris^  Linn*  the  common  holly^  Sambt^ 
cus  Niger^  and  common  grass. 

Ink  Powder.  Common  liquid  ink,  the  methodof  making  whid 
we  have  already  described,  is  not  easily  transported  from  one  place 
to  another  ;  and,  besides  this  inconvenience,  it  is  apt  to  dry  in  the 
ink-holder.  In  bottles,  unless  well  corked,  it  becomes  decompossd 
and  evaporates ;  and  if  the  bottles  happen  to  break,  it  may  spoii 
clothes,  or  any  other  articles  near  it.  For  the  convenience  there- 
fore of  those  who  travel  either  by  land  or  by  sea,  ink  powder  has 
been  invented,  which  is  nothing  else  than  the  substances  employed 
in  the  composition  of  common  ink,  pounded  and  pulverized;  sotiwl 
it  can  be  converted  into  ink  in  a  moment,  by  mixing  it  up  with  a 
little  water. 

China  or  Indian  Ink^  which  is  employed  for  small  drawings 
and  plans,  may  easily  be  made  by  the  following  process.  Take  the 
kernels  of  the  stones  of  apricots,  and  burn  them  fn  such  a  manner 
as  to  reduce  them  to  powder,  but  without  producing  flame;  which 
may  be  done  by  wrapping  up  a  small  packet  of  them  in  a  oabbage 
leaf,  and  tying  round  it  a  bit  of  iron  wire.  Put  this  packet  into  an 
oven,  heated  to  the  same  degree  as  that  required  for  baking 
bread,  and  the  kernels  will  be  reduced  to  a  sort  of  charcoal  wiH 
which  an  ink  may  be  made  similar  to  that  brought  from  China. 

Found  this  charcoal  in  a  mortar,  and  reduce  it  to  an  impalpable 
jpowder,  which  must  be  sifted  through  a  fine  sieve^  die«  form  1 
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ptetty  thick  Eolulion  a!  gum.srabic  in  wakr,  and,  having  iiiixtiil  it 
with  tlw  powder,  grind  the  whole  on  a  slonp,  io  IJie  siuu:  numnet 
OS  coiour.mcn  grind  ihi-ir  colours.  Nothing  is  thcu  nect^sary, 
but  to  put  the  paste  inio  some  small  moulds,  formed  of  cards,  aud 
rybbed  otlt  with  whito  wax,  (o  prevent  it  from  adhcriQgfo  ihem. 
In  regnrd  to  the  smell  of  the  China  ink,  it  arist^s  from  a  little 
B|uk,  which  the  Ctiiix-se  add  to  the  gum-vmler,  aud  may  is&Hy  be 
Eauted.  The  figures  si'cn  on  tkcsticki  of  China  ink,  arc  the:  par. 
B^lnr  marks  of  the  manufacturers,  who,  as  in  all  other  countries, 
Brtdesiious  of  ilislinguishing  wbatoter  comes  from  llicir  hands. 
^  Dr.  Lewis  thinks,  from  the  iiiforniaiiun  of  Father  du  Ilolde,  (bat 
Cblus  ink  is  cumpoeed  of  nulliing  but  lamp  black  and  onimul  glue. 
Having  boiled  a  stick  of  China  ink  in  several  portions  of  water,  in 
urdcr  to  extract  all  the  soluble  parts  ;  and  having  filtered  the  dif- 
ferent liquors,  which  he  cTaporaled  iu  a  stone  vessel,  he  found 
that  (he  liquors  had  the  same  odour  as  glue,  anil  that  they  left,  after 
eTajwratioo,  a  pretty  considerable  quantilj'  of  ft  tenacious  iub> 
^tonce,  which  seemed  to  differ  iii  uolhing  from  common  glue. 

t  Coloured  Inks.     Tew  of  these  are  used  except  red  ink.     The 
tparalion  of  this  is  very  simple,  consisting  either  of  ilccocliuut 
^the  different  colouring  or  dying  materials  in  water,  and  thickened 
with  gum-arabic,  or  of  coloured  metallic  oxides,  or  insoluble  putr. 
ders,  merely   dilTused   in   gum   water.      The   proportion  of  gum- 
ar«bic  to  be  used,  may  be  the  same  as  for  black  writing  ink.     AU 
that  applies  to  the  fixed  or  fugitive  nature  of  the  several  articles 
used  in  dyeing,  may  be  applied  in  general  to  the  use  of  (he  lamt 
jubilances  as  hikt, 
I  Aed  Irk  is  usually  made  by  Ijoiling  about  (wo  ounces  of  Bra. 
wood  in  a  pint  of  water,  for  a  quarter  of  nn  hour,  and  adding  to 
•decoction  the  requisite  quantify  of  gum,  and  about  half  as  much 
m.     The  alum  both  heightens  the  colour  and  makes  it  less  fugi. 
e.     Probably  q  little  madder  would  make  it  more  durable. 
I  Blue  Ink  may  be  made  by  diffusing  I'russian  blue  or  indigo 
Utah  strong  gum.  water, 
YelletB  Ink  may  be  made  by  a  solution   of  gamboge  in  gum- 

Most  of  the  common  water-colour  cakes  difl'used  in  water,  will 
■ke  sufficiently  good  coloured  inks  for  most  purposes. 
"»  Inks  of  other  colours  may  be  made  from  a  strong  decoction  of 
.Dgredienls  used  in  dying,  tnUed  with  a  little  alum  and  gum. 


arabic.  For  example,  a  strong  decoction  of  Braiil  wood,  with  u 
much  alam  as  it  cao  dissoWe,  and  a  little  gam,  forms  a  good  red 
ink.  These  processes  consist  in  forming  a  lake,  and  retarding  its 
precipitation  by  the  gum. 

On  many  occasions  it  is  of  importance  to  employ  an  ink  inde- 
structible by  any  process,  that  will  not  equally  destroy  the  material 
on  which  it  is  applied.  Mr.  Close  has  recommended  for  this  par* 
pose  25  grains  of  copal  in  powder  dissolved  in  200  grains  of  oil  of 
lavender,  by  the  assistance  of  ^ntle  heat,  and  then  mixed  with  2| 
grains  of  lamp  black,  and  half  a  grain  of  indigo  :  or  120  grains  of 
oil  of  lavender,  17  grains  of  copal,  and  60  grains  of  vermilion.  A 
little  oil  of  lavender,  or  of  turpentine,  may  be  added,  if  the  ink  be 
found  too  thick.  Mr.  Sheldrake  suggests,  that  a  mixture  of  genu* 
ine  asphaltum  dissolved  in  oil  of  tuipentine,  amber,  Tarnish|  and 
lamp  black,  would  be  still  superior. 

U' hen  writing  with  common  ink  has  been  effaced  by  means  of 
oxygenized  muriatic  acid,  the  vapour  of  sulphuret  of  ammonia,  or 
immersion  impregnated  with  this  sniphuret,  will  r«fnder  it  agaia 
legible.  Or  if  the  paper  that  contained  the  writing  be  pot  into  a 
weak  solution  of  prussiate  of  potash,  and  when  it  is  thoroughly  wet 
a  sulphuric  acid  be  added  to  the  liquor,  so  as  to  render  it  sliglitiy 
acidulous,  the  same  purpose  will  be  answered. 

Golden  Ink.  As  writing,  before  the  invention  of  printiagi 
was  the  only  method  of  transmitting  to  posterity  the  works  aad 
discoveries  of  celebrated  men,  it  became  in  the  fourteenth  aad 
fifteenth  centuries  an  art  much  cultivated,  and  in  which  many  psf*' 
sons  excelled.  The  manuscripts  of  those  periods  contain  writii^ 
the  neatness  and  regularity  of  which  are  astonishing.  Transcriben 
were  even  acquainted  with  a  method  of  ornamenting  the  initkd 
letters  with  gold,  which  they  applied  in  such  a  manner  as  to  pfe« 
serve  all  its  splendour.  Writing,  by  the  invention  of  printings 
having  become  of  less  importance,  soon  degenerated,  and  the  secnt 
of  applying  gold  to  paper  and  parchment,  like  many  other  arts,wai 
at  length  lost.  The  Benedictines  however,  rediscovered  this  secre^ 
and  specimens  of  the  process,  and  parchment  containing  writiag  ia 
gold  letters,  as  brilliant  as  those  so  much  admired  in  the  ancient 
manuscripts,  have  been  seen  at  the  Abbey  Saint.Germain.de^Pk^ 
at  Paris.  This  process  may  be  exceedingly  nseful,  and  may  far- 
ther hints  for  improving  some  of  the  other  arts,  wbich  are  all  eon* 
■ected^  and  matnally  tend  to  promote  each  other. 
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Primt€r*$  Ivc.  Tkb  is  a  Tery  siagvlar  rowpwili— ^  |wii%iMg 
mach  of  Um  iMlnre  of  an  oil  Ymrvisk,  bat  ^iiiniBg  hmm  h  ia  Ike 
qoalitj  of  adhering  finnlj  to  OMNSteacd  piper,  aadl  ia  beiag  ta  a 
coDsMerable  decree  soloble  io  fotpb.waler. 

It  is,  when  ased  bj  the  prioters,  of  thecaegrteaccafiafter  ttia 
jellj,  80  that  it  niaj  be  saieared  orer  the  tjpet  readHj  aad  thiaif , 
when  applied  by  leather  cashions,  aad  it  dries  wrj  specdflj  aa  the 
paper  withoat  mnning  throagh  to  the  other  side,  or  passiag  tfe 
liaiits  of  the  letter. 

The  method  of  making  printer's  ink  is  thas  described  by  Dr. 
Lewis.     Ten  or  twelre  gallons  of  aat-oil  are  set  OTer  the  ire  ia  a 
large  iron  pot,  and  brooght  to  boil*    It  b  then  stirred  widi  aa  mm, 
ladle,  and  whilst   boiling,  the  inflamnafale  rapoar  risiag  fraai  it 
alther  takes  fire  of  itself,  or  is  kindled,  and  saff^red  to  bara  ia  tias 
way  for  about  half  an  hoor,  the  pot  being  partially  covered,  ta  » 
to  regulate  the  body  of  the  flame,  and  conseqaeatlj  the  heat  com. 
■malcated  to  the  oil.     It  is  frequently  stirred  dariag  this  tiaae,  Aat 
the   whole  may  be  heated  equally,     otherwise   a  part  woald  be 
'  cfcmrred  and  the  rest  left  imperfect     The  flame  is  then  eztingnished 
by  entirely  covering  the  pot«    The  oil  by  thb  process  has  madi  of 
Us  vortnous  quality  dc:>troyed,and  when  cold  is  of  the  coasistence 
af  soft  turpentine,  and  is  then  called  ramish.     After  this  it  is 
■ndeinto  Ink  by  mixture  with  the  requisite  quantity  of  lamp.black, 
af  winch  about  two  ounces  and  a  half  are  sufficient  for  sixteen 
avBces  of  the  prepart'd  oiK     The  oil  loses  by  the  boiling  about  aa 
aighth  of  its  weight,  and  emits  very  ofiensire  fumes.    Several  other 
additions  are  made  to  the  oil  during  the  boiling,  such  as  crusts  of 
bread,  onions,  and  sometimes  turpentine.     These  are  kept  secret 
by  the  preparpts.     The  intention  of  them  is  more  eifectoally  to 
destroy  part  of  the  unctuous  quality  of  oil,   to  gire  it  more  body 
io  enable  it  to  adhere  better  to  the  wetted  paper,  and  to  spread  on 
'tte  types  neatly  and  uniformly. 

Besides  these  additions,  others  are  made  by  the  printers,  of 
which  the  most  important  is  generally  understood  to  be  a  little  fine 
-fadlgo  in  powder,  io  improve  the  beauty  of  the  colour. 

Red  printer's  ink,  is  made  by  adding  to  the  Tarnish,  about  half 
fts  weight  of  rermilion.     A  little  carmine  also  improves  the  colour. 

lax,  Sympathetic^  a  liquor  employed  for  writing  on  paper,  so 
Oaf  it  may  retain  its  natural  whiteness  after  the  letters  are  formed^ 
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till  it  is  held  near  the  fire^  rubbed  with  another  liquor,  or  tomi 
other  expedient -is  used  to  render  the  characters  legible. 

Sjmpathetic  inks  are  prepared  from  yarious  substances,  such  as 
bismuth,  lead,  &c.  Thus,  a  solution  of  common  sugar  of  lead  m 
water,  if  employed  with  a  clean  pen,  will  remain  concealed  till  it  u 
wetted  with  a  solution  of  the  liyer  of  sulphur,  or  is  ejLposed  to  the 
vapours  of  such  liquid ;  in  which  case  it  will  assume  a  deeper  or 
lighter  brown  shade,  in  proportion  to  the  strength  of  the  sulpha, 
reous  gas.  By  the  same  process,  words  written  with  a  solution  of 
Uimttth  in  spirit  of  nitre,  will  appear  of  a  deep  black,  colour. 

Another  sympathetic  ink  may  be  easily  prepared,  by  dllndog  oil 
of  Titriol  with  a  sufficient  quantity  of  water,  to  prerent  the  paper 
from  being  corroded.  Letters  drawn  with  this  fluid  are  iuTisiUe 
when  dry,  but,  on  being  held  near  the  fire,  they  assume  a  peiiect 
black  colour.  The  juices  of  lemons  or  onions;  a  solutioa.  of  sal 
ammoniac,  kc.  will  answer  a  similar  purpose,  though  their  appli« 
cation  is  more  difficult,  and  they  afterwards  require  a  greater  de- 
gree of  heat. 

Imk,  removing  the  stains  of.  The  stains  of  ink,  on  cloth,  papw 
or  wood,  may  be  remoTed  by  almost  all  acids;  but  those  a^ids  are 
to  be  preferred,  which  are  least  likely  to  injure  the  textnreofthi 
stained  substance.  The  muriatic  acid,  diluted  with  five  or  sii 
times  its  weight  of  water,  may  be  applied  to  the  spot,  and,  after  a 
minute  or  two,  may  be  washed  off,  repeating  the  applicatloa  ai 
often  as  may  be  found  necessary.  But  the  vegetable  adds  are  at- 
tended with  less  risk,  and  are  equally  effectual.  A  solution  of  the 
oxalic,  citric  (acid  of  lemons),  or  tartareous  acids,  in  water,  myr 
be  applied  to  the  most  delicate  fabrics  without  any  danger  of  in* 
juring  them :  and  the  same  solutions  will  discharge  writing  but  not 
printing-ink.  Hence  they  may  be  employed  in  cleaning  books 
which  have  been  defaced  by  writing  on  the  margin,  without  imfNir* 
ing  the  text  liemon.juice,  and  the  juice  of  sorrel,  will  alia 
remove  inlustains,  but  not  so  easily  as  tbe  concrete  acids  of  lemmii, 
or  citric  acid. 

Ink, /or  marking  Linen,  M.  Haussman  has  given  some  con^ 
positions  for  marking  pieces  of  cotton  or  linen,  previous  to  tiieif 
being  bleached,  which  are  capable  of  resisting  every  operation  ia 
the  processes  both  of  bleaching  and  dying,  and  consequently  might 
be  employed  in  marking  linen  for  domestic  purposes.  One  of  these 
consists  of  asphaltum  dissolved  in  about  four  parts  of  oil  of  tnrpen* 


tine,  and  nitb  ihiHs  to  be  mixed  lanp  black,  or  bbck  lead  ia  fine 
powder,  so  as  to  mak«  an  ink  of  a  proper  coniiitence,  for  printio^ 
wilh  types.  Another,  the  blackish  sulphate  Mt  after  (spelling 
oxygen  gas  from  oxide  of  manganese  with  a  noilerate  hMt  benif 
diMolTed  and  filtered,  the  dark  grej  pasl^  oiide  left  ofl  the  Qter 
b  to  be  mixed  with  a  very  little  solution  of  gnm  tragacanlk,  and 
Ibe  dolh  marked  with  this  is  to  be  dipped  in  asolulioo  ofpolad  oi 
toda,  mild  or  caustic,  in  about  ten  parts  of  water. 

An  ingenious  correspondent,  Mr.  J.S.  Gaikoio,  baifaronred  tu 

with  the  followiog  receipt  for  the  composition  of  the  "Chemical 

ladelible  Ink,"  sold  for  the  purpo6e  of  marking  I i sen.     The  linen, 

Ikat  the  black  colour  maybe  produced  and  fixed,  is  fint  noiiteacd 

with  a  mordaot,  nbich  is  a  solalion  of  soda,  made  tfam ;  take  cf 

pnpa red  soda  4  drams,  distilled  or  common  soft  water  1  anacv, 

^'nffron  1  grain,  gum.RrabJc  15  grs.    The  constitoenls  of  Ibe  lak 

Vpre,  lanar  caustic  1  scmple,  distilled  water  If  dram;  or,  if  mm 

P|M>n  soft  water  be  uied,  two  drops  of  uitrooa  acid  sbonid  be  addc4 

Is  the  soInlioD.     The  mordant  with  wMch  (be  linen  has  bceo  mow. 

tenaa)  being  saffered  perfectly  (o  dry  by  a  gentle  heat,  the  part 

wltere  the  linen  has  been  moistened,  is  written  upon  with  a  eJcaa 

pen  dipped  in  tbe  ink. 

Ills.,  Jot  the  Ilolliag  Prett  is  made  of  linseed  oti  burnt  in  Iba 

•aow  manner  as  that  for  common  priaCiog  ink,  and  then  mixed 

1  Fraocfort  black,  and  finely  groand.     There  are  no  eertatn 

roportions  which  can  be  determined  in  thia  kind  of  ink  ;  eierj 

Fvorkman  adding  oil  or   black  to  bis  ink  as  he  thinks  proper,  in 

rder  to  make  it  suit  his  purpose.     Some,  however,  mix  a  portion 

B|pf  common  boiled  oil  which  has  never  been  burnt ;    bnl  Ibii  miut 

■'■ecesmrily  be  a  bad  practice,  as  sock  oil  is  apt  to  go  through  tbe 

paper ;    a  fanit  very  common  in  prin'j,  especially  if  the  paper  h 

not  rery  thick ,     No  soap  is  added  ;  becaase  tbe  ink  is  not  cleared 

off  from  tbe  copper.pUtes  with  alkaline  ley  at  in  common  printinf. 


feat  with  a  bnuh  dipped  ia  mL 


\_Pantote[ia. 
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SECTION    VI. 


^S* 


Origin  and  Progress  of  Printing 

As  the  invention  or  rather  the  introduction  of  printing  into  Efl« 
rope  has  been  attended  with  the  most  beneGcial  advantages  to  mas* 
kind,  some  account  of  the  origin  and  progress  of  that  art  maj  bt 
acceptable. 

It  has  not  been  pretended  that  the  art  of  printing  books  was  ever 
practised  by  the  Romans,  and  yet  the  names  they  stamped  on  their 
earthen  vessels  were  in  effect  nothing  else  but  printing,  and  the 
letters  on  the  matrices  or  stamps  used  for  making  these  impretsimis 
were  necessarily  reversed,  as  printing  types ;  several  of  these  iuk 
trices  are  extant  in  the  British  Museum,  and  in  other  places^  which 
are  cut  out  of,  or  are  cast  in  one  solid  piece  of  metal. 

Many  hundred  pieces  of  the  Roman  pottery,  impressed  wift 
these  stamps  have  been  found  in  the  sands  near  Reculver  in  Kenti 
and  on  the  eastern  side  of  the  Isle  of  Shepi^y,  where  they  are  Ire* 
quently  dragged  up  by  the  fishermen.  The  art  of  impressing  le« 
gends  upon  coins  is  nothing  more  than  printing  on  metals* 

It  is  generally  allowed,  that  printing  from  wooden  blocks  has  been 
practised  in  China  for  many  centuries.  According  to  the  acoovnii 
of  the  Chinese,  and  of  P.  Jovius,  Osorius,  and  several  other  £ira« 
peans,  printing  began  there  about  the  year  of  Christ  037,  in  the 
reign  of  Ming»Tcoung,  the  second  emperor  under  the  dynasty  of 
Heou.Thang:  several  of  these  blocks,  which  are  cut  upon  ebony, 
or  on  wood  exceedingly  hard,  are  now  in  England.  The  Historia 
Sinensis  of  Abdalla,  written  in  Persic  in  1317,  speaks  of  it  as  an 
art  in  very  common  use.  Our  countryman,  Sir  John  Chardlui  b 
his  Travels,  confirms  these  accounts. 

Printing  then  may  be  considered  as  an  Asiatic,  and  not  a  Ettxih 
pean  invention. 

The  first  printing  in  Europe  was  from  wooden  blocks,  whereoa 
a  whole  page  was  carved  exactly  in  the  same  manner  as  is  now 
practised  by  the  Chinese,  who  print  only  on  one  side  of  their 
paper,  because  it  is  so  exceedingly  thin,  that  it  will  not  bear  the 
impression  of  their  characters  on  both  sides. 

The  earlier  printers  in  Europe  printed  only  on  one  side  of  the 
paper  for  some  time  after  the  introduction  of  the  art ;  they  pasted 
the  blank  sides  together^  which  made  them  appear  as  one  leaf. 
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The  European  blocks  were  carred  opon  beech,  pear.free,  and 
other  soft  woocis,  which  soon  failed^  and  the  letters  frequently 
broke:  this  put  them  upon  the  method  of  repairii^  tbe  block,  hj 
tanriog  new  letters,  and  gluing  them  in,  which  necessity,  seems  to 
have  suggested  tbe  hint  of  mof  eable  tjpf  s  of  metal ;  these  were 
not  so  liable  to  break  as  tbe  soft  Earopean  woods,  which  had  been 
before  used. 

One  great  and  obfious  adrantage  of  moTeable  types  was,  that 
by  separating  them  they  would  serre  for  any  other  work  ;  whereat 
tbe  blocks  of  wood  serred  onSy  for  one  work :  though  the  use  of 
Boveable  metal  types  was  a  very  fortunate  discovery,  yet  they  de« 
rired  their  origin  rather  from  tbe  imperfection  or  unfitness  of  our 
woodf  for  printing  blocks,  than  from  any  great  ingenuity  of  those 
who  first  used  them.  In  short,  necessity,  the  mother  of  all  arti^ 
iotrodvced  moveable  types. 

It  bu  been  a  matter  of  contest,  who  first  practised  the  art  of 
printiag  in  Europe.  Faust  or  Fust  of  Mentz,  G  ottenberg  of  Stras* 
borgh,  and  Coster  of  llaerlem,  have  each  their  advocates.  The 
pretaasioiM  in  fivour  of  Fust  seem  to  be  best  supported  ;  but  we 
sbali  not  trespass  upon  the  patience  of  our  readers  by  entering  into 
a  disoisilon  of  this  matter,  because  such  a  discussion  would,  in  our 
opiaioo,  be  of  little  importance.  It  baring  been  generally  agreed, 
tbat  printing  with  moveable  types  was  not  practised  till  after  the 
Middle  of  the  fifteenth  century,  although  prints  from  blocks  of 
wood  are  traced  as  far  back  as  the  year  1493. 

It  teems  probable,  that  the  art  of  printing  might  have  been  in« 
trodoced  into  Europe  by  some  European  who  had  travelled  into 
Ci^iia,  and  had  seen  some  of  their  printing  tablets,  as  it  is  known 
that  several  Europeans  bad  been  over-land  into  China  before  this 
tiiae ;  and  what  strengthens  this  probability  is,  the  Europeans  first 
printed  on  one  side  of  the  paper  only,  in  the  same  mannpr  as 
tbe  Chinese  do  at  present ;  but  however  this  may  be,  the  progress 
of  tile  art  was  as  follows : 

First,  pictures  from  blocks  of  wood  without  text. 
Si'Condly,  pictures  with  text. 

Thirdly,  whole  pages  of  text  cut  on  blocks  of  wood,  some« 

times  for  the  explanation  of  prints  which  accompanfed  them-  And, 

Fonrtbly,  moveable  types.     Specimens  of  all  which  are  given  is 

the  UAe  general^  des  Estampes. 

There  are  several  aacient  blocks  extant  which  were  used  to  the 
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6fteentli  centory  ;  some  are  in  possession  of  Capt.  Tbompson,  of 
Dtilwicliy  in  Kent. 

I  presented  a  block  to  Earl  Spencer  carved  on  a  soft  wood^ 
which  is  the  second  io  the  ^^  Uibtoria  Saiicti  Johannis  ETangelistc 
<»jusque  Visiones  Apocaljpticae,"  generally  called  the  Apocalypse. 
Two  of  the  copies  of  the  book,  to  which  the  block  referred  to 
belongs,  were  formerly  in  the  library  of  Moos.  Gaignat :  they  ara 
now  in  his  majesty's  library  at  the  queen's  house.  These  books 
are  printed  on  one  side  of  the  paper  only* 

The  Speculum  Humanae  Sal?ationes  is  also  printed  on  one  side 
of  the  paper ;  a  copy  of  it  is  in  Earl  Spencer's  librarj,  who  haa 
several  of  these  early  books  printed  on  one  sido  of  tbe  paper* 

The  History  of  the  Old  and  New  Testament  in  folio  is  also 
printed  on  one  side  of  the  paper.  There  is  a  complete  copy  of 
this  work  in  his  majesty's  library,  which  was  purchased  from  that 
of  Mons.  Gaignat.  Earl  Spencer  has  also  a  copy*  Mr.  Hi^nekea 
says,  there  is  one  copy  of  this  work  in  the  library  of  tbe  Senate  of 
Leipsic,  containing  forty  leaves ;  one  was  in  that  of  the  Dakt  de 
la  Vallicre,  which  has  only  twenty  .two  leaves ;  and  one  in  the 
Electoral  library  at  Dresden,  besides  several  others. 

The  Ars  Moriendi  contains  twelve  leares,  printed  on  one  aide  of 
the  paper  only ;  there  is  a  copy  of  the  first  edition  of  this  woik  ia 
the  library  at  Wolfenbuttei ;  and  there  are  seren  leaves  of  this  tA 
tion  in  the  public  library  at  Memmingham.  Tliere  are  aetonl 
other  editions  of  this  work ;  for  an  account  of  which  see  HeiM* 
ken's  Id6c  generale  d'Estampes,  in  which  mention  b  made  of  otter 
books  printed  on  one  side  of  the  paper  from  carved  blocks  o( 
wood  without  dates,  which  are  supposed  to  have  been  printed  be* 
tween  1440  and  1450. 

Fust  and  Guttenberg  are  reported  to  have  printed  tbe  bible  at 
Mentz,  in  1460|  or  before  the  end  of  the  year  14539  but  sevenl 
writers  have  doubted  the  fact,  and  assert,  that  the  first  edition  of 
the  bible  was  in  1462.  Mons.  de  Bure  says,  that  Fust  and  GruU 
tenberg  printed  the  bible  in  1450,  though  it  is  without  adatOy  aod 
that  there  are  different  copies  of  it ;  one  in  the  King  of  Pmisis'i 
library  ;  one  in  the  Benedictine  convent  near  Ments  ;  and  another 
was  in  the  library  of  Cardinal  Mazarine ;  but  it  is  probable  that 
they  omitted  the  Colophon  in  sereral  copies,  in  order  to  sell  tiieB 
as  MSS.  which  Fnst  afterwards  attempted,  particularly  at  Paris  ia 
14M.    Fast  and  Guttenberg  are  also  lakl  to  hare  naed  moifibi* 
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tj-pM  of  wdod,  but  I  cannot  believe  that  more  than  a  few  pages 
wire  erer  printed  by  them  with  such  types, 

Gultenberg  separated  Troin  Fujt  in  1455 ;  nnd  Fust  with  Schoer. 
fer,  his  serrant  and  son-in-Iaw,  priitled  a  Psaller  at  Meniz,  in 
14S7,  \fitfa  moTpable  tjpes;  rhe  capildls  were  of  wood,  and  (he 
hnall  letters  of  metal;  but  Meennaa  says,  that  these  wt^ re  cut 
types,  ah'J  not  the  improved  cast  types;  and  asserts,  that  the 
firit  book  printed  with  the  latter,  was  Durandi  Elationale,  printed 
ttHentz,  in  1439. 

Heinekcn  (p.  204}  mentions  several  copies  of  the  Psalter  of 
Menlz,  particularly  a  very  fair  one  in  the  Imperial  library  at 
Vienna;  at  the  end  of  which  are  (he  fallowing  words  : 

*'  Presens  Pailuiorum  codex  Tenustate  capilalium  decoratus  riu 
bricationibusque  sullit-ienler  disdnclus,  ab  inventione  arliliciosa 
imprimendi  ac  characterisandi,  absque  calami  exaracione  sic  effi. 
giatus,  ad  Eusebiam  del  Industrie  est  consummatus  per  Joannem 
Fust  civem  Mu,;untinum,  et  Pelrum  SchoeHer  dc  Gernszbeim, 
Anno  Domini  Millesimo  ccccltii.  in  Vigilia  AsSDinptionis," 

His  maje9(y  has  lately  procured  a  fine  copy  of  Ibis  rare  book  for 
bis  noble  library ;  and  Earl  Spencer  has  also  one  very  fair ;  besides 
these,  there  are  only  four  others  known  to  be  extant.  Earl 
Spencer  has  also  another  edilion  of  (his  PsaKer,  prin(ed  at  M«n(z 
in  1459.  liis  lordship  has  also  an  Indulgence  prlnii-d  in  mare, 
able  metal  types  in  1455,  during  the  pontiljcate  of  Ntcholu  (be 
Fifth. 

In  1460  Fust  and  Schocffer  published  wilb  their  Improved  typts 
tin  Catholicon,  which  hath  the  following  Colophnn: 

*'  Altissimi  presidio,  cojus  nulu  infantiom  lingue  ftant  disrrt*. 
Quiqne  nnmero  »epe  parvulis  revt-lat,  quod  sapientiliu*  c^lat.   Hfc 
Itber  egregius  Catholicon,  Dominice  incamationis  annli  ii.cccc  Lx. 
alma  in  Urbe  Mogunlina  Naiionis  inclite  Germanlce,  qoam  Dc{ 
clementia  tarn  alto  Ingenii  lumioe  donoqne  grituDu)  ceteris  t«rra> 
mm  Nationibus  pcaeferre  illustrareque  di^inatus  ei(.     Nun  calami| 
■tyli  aut  penne  sufTragio,  sed  mira  patrunarum  fornarumqu*  coa^ 
Cordia  proportiane  e(  modulo  tmpres(>DS  alque  confecto*  tt." 
»       There  is  a  line  copy  of  this  edition  in  h»  majedy's  library  at  tba 
^nwrn's  house  ;  another  copy  i>  In  ih«  Ruyal  llbrtry  at  Paris. 
^^  In  1463  Fust  and  Scbo-'ller  printed  an  edition  of  ihe  Bible  at 
'  Ifenta  in  two  volumes  fulto,  in  Gothia  chararteri,  which  Is  justly 
Maemed  i  good  performance  ;  there  are  wreral  copies  of  (bis  adl. 
■WOL.  vt.  3  D 
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tion  extant,  particularly  one  in  his  majesty's  library,  where  thert 
is  a  fair  copy  of  the  New  Testament,  of  the  same  place  and  date, 
printed  on  Tellom.  If  the  pretended  edition  of  1450,  wtthont  te 
Colophon  was  compared  with  this  of  1462,  the  qneation,  whether 
they  are  different  editions  or  not,  would  be  decided. 

In  1465,  Fust  and  Schoefier  printed  at  Mentz  an  edition  of 
Tully's  Offices,  and  in  the  next  year  another  edition  of  the  same 
work.  Some  have  asserted,  that  these  were  one  aifd  the  sane 
book,  but  both  the  editions  are  in  his  majesty's  library,  which  I 
hare  seen.     The  Colophon  to  that  first  printed  is  as  follows  : 

Presens  Marci  Tnilij  clarissimu  opns*  Jo. 
hannes  Fust,  Mogu^tiuns  ciyis.  no  atrame* 
to.  plamali  ca^na  neq"  aerea.  ^Sed  arte  qna. 
dam  perpnicra.  Petri  manu  pueri  met  fell* 
citer  effect  iinitom.    Anno  M.  cccc.  Ixr. 

The  second  edition  hath  this  Colophon : 

Presens  Marci  Tnilij  clarissimu"  opns.  Jo* 
hannes  Fust  Mogu'tinus  civis.  no*  atrame". 
to,  plumali  ca'na  neq"  aerea.  Sed  arte  qna. 
dam  perpnicra.  fnanu  Petri  de  Gernshem 
pueri  mei  feliciter  effeci  finitum.  Anno  M« 
cccc.lxvi.  quarto  die  mensis  februar^^  S^c, 

From  the  year  1463  the  art  of  printing  spread  Terj  iv^tStj 
through  Europe,  and  was  encouraged  by  the  sovereigas  of  efery 
nation.  In  1465  the  Institutes  of  Lactantins,  were  printed  in  tfaa 
Snblaceosian  monastery  near  Rome :  this  Is  said  to  hare  been  te 
first  attempt  towards  printing  in  Italy  ;  a  fair  copy  of  this  bookk 
in  his  majesty's  library ;  the  letters  are  partly  Gothic. 

John  Bember  printed  at  Augsburg  in  1466. 

In  1467,  printing  was  practised  at  Rome,  by  Sweynheim  and 
Pannarta.  Their  first  book  was  Cicero's  Familiar  Epistlea.  In 
the  next  year  they  printed  seferal  books.  In  1469  they  published 
an  elegant  edition  of  Aulas  Gellius.  In  the  same  year  John  de 
Spira  produced  from  his  press  at  Venice  his  most  beantifol  edition 
of  Pliny's  Natural  History ;  which  is  printed  in  elegant  Romtf 
typesi  in  a  manner  which  would  do  credit  to  the  present  tiaifb 
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In  Uie  course  of  the  next  year  Spira  poblbbed  an  cdidon  at 
Tirgil,  wbich  though  well  printed  is  not  to  be  computd  witb  tba 
book  last  mentioned. 

In  the  year  1-l7iNicboU«  Jenton  printed  ■!  Venice  a  boM  cle. 
gmnt  edition  of  Pliny's  works  ;  he  ^eems  to  bave  emJaioaird  to 
cicel  hii  nia«!''i'  Spira  :  both  these  beaDtiful  editions  of  the  works 
of  Pliny  are  in  the  Royal  library  in  tbe  Qaren's  house,  and  iKo  ia 
Mrt  Spencer's  library,  and  tbey  may  be  traly  said  to  be  io  the  per* 
faction  of  the  art.  Jenson's  edition  of  Aulas  Gellins,  printed  in  tJM 
Mine  year,  dolb  him  ereat  credit. 

Iq  1470  printing  was  practised  at  Pari*,  Colore,  and  Milan. 

In  the  year  1471,  '^iitus  Riesseoger  printed  at  Naples,  and  Ait- 
dre<*  Gatlusat  Ferrary.  Henry  Eljgestein  had  a  printing  prvts  at 
SCrasburgh.  There  were  also  prestes  in  this  year  at  Bologna  and 
■t  Lubec. 

In  1473,  Bernard  and  Dominic  Cenini  printed  at  Florence;  ia 
the  tame  year  printing  pr<'Kws  were  eitablisbed  at  Padua,  Parawj 
MMitna,  and  Verona  ;  in  this  year  printing  was  practised  in  Sax* 
ony,  and  in  a  few  years  afterwards  in  the  most  considerable  parts 
of  Europe. 

Italy  claims  the  honour  of  firat  printing  in  Greek  characters. 
In  the  edition  of  Lactantius's  lastiliites  aboTe  mentioned,  which 
appeared  in  the  14ll3,  the  quotatiotu  from  the  Greek  authors  ar« 
in  Tcry  neat  Greek  letters.  Earl  Spencer  has  a  fair  copy  of  tbu 
book. 

The  first  whole  book  (hat  was  prialed  in  that  language,  ia  nip> 
posed  to  have  been  the  Grammar  of  Constantinus  Laicaris  in  4ta, 
pradnced  from  the  press  of  Diooy^iusPalatiiiDnsat  Uilaain  1476. 
In  1481  the  Greek  Pialter  was  printed  Bitbat  city,  u  werej£sop'S 
Fables  in  4to. 

In  148€  two  Greek  books  were  printed  at  Venice,  namely,  thm 
Psalter,  and  the  Batracbomjomachia  ;  the  former  by  Alexander^ 

•  latter  by  Laonicus,  both  naliTes  of  Crate;  these  books  art 
rioted  in  aocomnioii  characters,  the  latter  of  them  with  accenli 
lAnd  spirits,  and  also  with  acholia.  Earl  Spencer  has  a  fair  cop^ 
|M  this  work. 

The  folio  edilioa  of  Homer's  works,  which  was  prodac«d  from 
I  Hit  press  of  Demetrins,  a  native  of  Crete,  who  firat  printed  Greek 
I  Mt  Floreofe  in  14S8,  eclipsed  all  former  publicationt  in  Ihit 
So3 
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language.  A  fine  copy  of  this  edition  is  in  the  librirj  of  flie 
Royal  Society,  and  another  in  earl  Spencer's,  and  two  more  in 
the  British  Masenm. 

In  1493)  a  fine  folio  edition  of  Isocrates  was  printed  at  Milan, 
by  German  and  Sebastian.  All  the  above  works  ire  prior  in  tint 
to  those  of  Aldus,  who  is  erroneously  supposed  to  hare  been  the 
first  Greek  printer  ;  bnt  the  beanty»  correctness,  and  neatness  of 
his  editions  place  him  in  a  mnch  higher  rank  than  hb  predecsa* 
sors ;  and  his  characters  in  general  were  more  elegant  than  any 
before  used.  He  was  born  in  1445,  and  died  in  1515,  and  was  the 
inventor  of  the  Italic  characters,  which  are  still  used,  called  from 
him  Aldine  or  Cursive.  The  Greek  editions  of  the  celebrated  fiu 
mily  of  Stephens  are  much  esteemed. 

Printing  in  Hebrew  was  practised  as  eariy  as  1477,  wbeo  the 
Psalms  appeared  in  that  language.  In  1482  the  Pentateuch  was 
printed.  In  1484  the  prior  Prophets ;  the  posterior,  in  1480.— 
The  Hagiographia,  in  1487,  and  the  whole  Bible  Text  in  one  vo* 
lume  at  Sancino  with  vowel  points  by  Abraham  fil.  Babbi  Hhstts 
In  1488. 

The  first  Polyglott  work  was  printed  at  Genoa  1516,  bj  P^ttr 
Paul  Porrus,  who  undertook  to  print  the  Pentaglott  Psalter  of  An- 
gustin  Justinian,  bishop  of  Nebo.  It  was  in  Hebrew,  AraUc, 
Chaldaic,  and  Greek,  with  the  Latin  verses,  glosses,  and  schob, 
which  last  made  the  eighth  column  in  folio.  In  1518  John  Potken 
published  at  Cologne,  the  Psalter  in  Hebrew,  Greek,  Latin,  and 
Ethiopic.  In  the  year  1 532  the  Complutensian  Bible,  conristhi| 
of  six  large  folio  volumes,  was  printed  under  the  auspices  of  thtt 
great  man,  cardinal  Ximenes.  A  polyglott  Pentateuch,  was  printed 
at  Constantinople  in  1646,  and  another  in  1547. 

In  the  year  1636  the  congregation,  pro  propaganda  Fide^  at 
Rome,  had  types  for  the  Samaritan,  for  the  Syriac,  both  Fshlto, 
and  Estrangelo,  for  the  Coptic,  for  the  Armenian,  and  for  the  He- 
raclean  or  ancient  language  of  the  Chaldees.  Since  which  ttee 
they  have  cast  types  for  the  Gentoo,  Tartar,  Bramin,  Bengpdese^ 
Malabaric,  and  several  other  Asiatic  languages. 

Some  years  ago  Ferdinand  the  late  prince  of  Parma  fiimishcd 
that  University  which  he  re-established,  with  the  types  of  twenty 
different  eastern  languages,  which  appear  in  a  most  magnificent 
book  printed  at  Parma,  at  the  Royal  press  in  1775,  on  the  mar- 
riage of  the  prince  of  f^iedmont  with  Mary  Adelaide  Clothilda  (^ 


libriffj. 

Wmmm  CaMJbam  kuA  htm 
dnoed  lad  pncfind  tW  Ait 
king  Edwud  nr.    Ut  wm  Vmtmm^ktWi 
ifit  a  dtiiga  «ad  ■eicer  •!     ,      ■    ^ 
table  Berckal,  ani  ia  14M  he 
ployed  b J  kiag  Bivaid  lY.ia 
wkb  tbe  dake  af  Bargsdy,  aad 
Mvguct  dacbeai  oC  Bargaadf  , 
vacnvad  a  good  cdacaiMa  ■  ai 

aadMadefcJMiptfiteroftbcAitafPiria^g,     HeteOias 
adf;thathebcgMl#priatbi«fnMiiriiiaf  ^La 
toirfa  de  Trajft,"  ai  Bra^Hi  ia  14M,  tbat  ba  cMdMed  tba 

at GbMt,  aad  tbat  be  iMbcd  it  at  Calagae  ia  1471-    Aiwcapf 


Tbe  £nt  beak,  wUcb  Caitea  piialad  ia  Eaglaad,  wai  tbe 
at  Cbm,  wiacb  was  iaitbrd  ia  tbe  Abbey  of  WiitMiiin  tbelut 
dqroflfanAl474.  Ia  147S  be  prialad  tbe  Book  oC  Jatoa.  Ia 
1477  tbe  Dkics  aad  Sajiagcs  of  tbe  PbibiMpberf.  For  aa  ■ccoaat 
of  tbe  olber  books  priated  by  Caztoa,  tee  BetbaV^  Biaiarj  of 
F^aitiag. 

Tbe  int  letters  ated  by  Caztoa  weia  of  tbe  sort  cdled  Secre. 
taij,  aadof  tbesebebid  two  Ibaats:  aftervards  bb  letten  were 
awtc  like  tbe  aiodeia  Gotbie  daracters,  written  by  tbe  Eaglisb 
Ifoaks  ia  tbe  fifteentb  oeotarj.  Of  tbete  be  bad  tbree  fbaats  of 
Great  Priaer,  tbe  irst  rade,  wU^  be  ased  ia  1474 ;  anotber 
aosetbiog  better ;  aad  a  tbird  cat  aboat  tbe  year  1488.  Besides 
tbese  be  bsd  two  foonts  of  Engiisb  or  Pica,  tbe  latest  tad  best  of 
wbidi  were  cat  aboat  1482;  oae  of  Doable  Pica,  good,  wbicb  irst 
appeared  in  1490;  and  one  of  Loag  Priaier,  at  least  agreeing  witb 
Ae  bodies  whicb  bare  since  been  called  bj  tiiose  naaMS ;  ail  tbese 
lase  Bible  tbe  written  characters  of  tbat  age,  wbicb  bare  been  dis. 
lagaidied  bj  the  naoM  of  Monkisb-Baglisb.*  Thoie  characters 
aaarlj  resemble  their  prototjpes  nsed  bj  the  first  printers  ia 
Geraanj. 

In  tbe  jear  1478  printing  was  first  practised  in  tbe  two  Unirer* 
liHaa  of  Ozlbrd  and  Cambridge;  aad  two  years  afterwards  we  find 
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a  prefls  at  St  Alban's.  Specimens  of  the  first  types  used  by  C»« 
ton,  and  by  printers  at  the  places  :*boYe  mentioned^  may  be  seen 
in  Herbert's  Hiators  of  k'riiiting* 

Caiton  liTed  till  the  year  1491,  when  he  was  succeeded  by 

Wyitkyn  de  Worde,  who  had  .-erved  him  for  many  years,  and  wu 

connected  with  him  in  business  at  the  time  of  his  death.     Wynky^ 

made  considerable  advances  in  thf  Art  of  Pripfing,  and  enriched 

his  foundery  with  a  fsriety  of  new  ly pes  ;  his  If^tters  were  what  ara 

called  the  Old  English  (or  Squaie  English),  witirh  have  been  the 

pattern  for  his  successors  for  black  letter  prinTinf .      He  is  said  Id 

have  first  brought  into  England  the  use  of  round   Roman  letterSi 

though  it  does  not  appear  that  he  ever  (iritited  in  those  letters.  Tbe 

first  Roman,  which  I  remember  to  have  seen,  is  a  marginal  qaola. 

tion  in  Pica,  at  the  latter  end  of  the  second  part  of  a  book  intituled^ 

<<  the  Extirpation  of  Ignorancy  coropyled  by  Sir  Paule  Basht, 

Preeste,  and  Bonhome  of  Edyndon,"  printed  by  Pynson  without  a 

date ;  but  in  1518  Pynson  printed  a  book  vi  holly  in  Roman  typeS| 

as  appears  in  Ames  (p.  120).     Pynson's  conteo/purary,  William 

Faques,  in  1503  made  a  fount  of  £nglit>h  letters,  equal,  if  not  ex. 

ceeding,  in  beauty,  any  which  our  founders  at  this  day  produce* 

The  favourite  characters  of  these  times  were  large  ty pes^  and  pai^ 

ticularly  Great  Primer.     Although  considerable  progress  was  madt 

in  the  Art  of  Printing  in  the  fifteenth  century,  jet  the  Englisk 

presses  produced  no  works  in  the  Greek,  or  in  the  Oriental  laa^ 

guages  tin  the  sixteenth.      The  first  Greek  book  I  knew  of,  tfaa^ 

was  printed  in  England,  is  the  Homilies  set  forth  by  Sir  JdMi 

Cheke,  and  printed  at  London  in  ]543,  by  Reg.  Wolfe.     It  is 

true,  that  about  the  year  1523  Siberl  of  Cambridge  printed  a  hw 

Greek  quotations  interspersed  among  his  i^atiB  ;  but  1  do  not  fin4| 

that  he  printed  any  whole  book  in  the  Greek  language. 

About  the  year  1567  John  Dstye^  who  was  patronised  by  arch, 
bishop  Parker,  cut  tne  first  Saxon  types,  which  were  used  in  Ea^ 
land.  In  this  year  As>erius  Mnenevensis  was  publisbtd  by  Iha 
direction  of  the  archbishop  in  these  characters  j  and  in  the  nmt 
year  archbishop  ^Ifiic's  Paschal  Homily;  and  in  I67I  tha  Saxon 
go.*-pel6.  Daye's  Saxon  types  far  excel  in  neatness  and  b€«nty 
any  which  have  been  since^  made,  not  excepting  the  neat  types 
cast  for  F.  Junius  at  Dort,  which  were  given  by  him  to  the  Univer- 
nij  of  Oxiord. 

Notwithstanding  cardinal  Wolsey  founded  a  Hebrew  lecture  at 
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Cambridge  ]a  tbs  twginiiing  of  the  sixteenth  centary ,  no  books 
were  [trinled  here  in  Hebrew  characters  before  the  year  1593, 
when  Dr.  Rhese  published  his  Instilutiones  Liogux  Cambro-Bri- 
tanuicK. 

In  the  year  1657  the  Enelish  Palyglott  in  six  volumes  folio  WM 
printed  at  Lundon,  undtr  the  auspices  of  archbishop  Usher  and 
bishop  Walton.  This  magnilicfnt  work  was  beggn  in  1663,  and 
contains  ibe  sacred  ti-itl  in  d.e  Hebrew,  Samarilan,  Syriac,  Chat, 
dean,  Arabic,  Persic,  j3^ihiopic,  Greek,  and  l^lJn  languages, 
all  printed  in  their  proper  characters.  Besides  the  ctidracters 
exhibited  in  the  body  uT  (his  great  work,  (he  Prologoniena  fur. 
nish  us  with  mure  ;  namely,  the  Rabbinical,  the  Hebrew,  the  Sy. 
riac  duplices,  Nestorian,  and  Estrangelan,  the  Armenian,  the 
E^ypliao,  tbelllyrtaii,  both  Cyrillian  and  Hieronyniiaji,  thelbe. 
rian,  and  the  ancient  Gothic.  Most  of  the  rare  books  ahov* 
cpe-  ified  are  to  be  found  iu  his  .Majesty's  library  at  (he  Queen'a 
house,  in  the  Biilish  Museum,  or  in  that  of  earl  Spencer. 

The  greatest  difliculty,  which  the  first  letter-founiiers  had  ta 
encounter,  was  the  discovery  of  the  necessary  number  of  each 
letter  for  a  font  of  types  in  any  parlicatar  language  ;  and  in  order 
to  know  this  (hey  would  eitdearour  to  End  out  how  much  oftener 
one  letter  occurred  than  another  in  such  a  language.  Perhaps  thti 
ditrotery  was  made  by  casting  ufTthe  copy,  as  the  printers  call  it; 
which  is  by  calculating  the  noruber  (if  letters  necesnary  for  cumpo. 
liflg  any  gi*ei]  nomber  of  pages,  and  by  coontiiig  the  number  of 
each  letter  which  occurs  in  those  pages ;  this  would  in  ^ome  degree 
have  pointed  out  the  proportional  number  of  one  letter  to  another, 
hot  whvlber  it  wai  dune  by  this,  or  by  what  utner  method,  is  not 
my  to  discover ;  however  it  is  generally  supjiosed,  the  letter, 
founder's  bill  was  made  in  the  Gfteeuth  century,  bnt  on  what  priiu 
ciple  all  writers  are  silent :  the  various  ligatures  and  iiblireviaiiuns 
nsed  tiy  the  early  printers  made  more  types  necessary  than  at  prvaent. 

Friniera  divide  a  foul  of  letters  into  two  classes,  nami^ly,  th<'  up. 
pcr.case  and  the  lowor.case.  The  upper-ca-e  contains  large  capi. 
tals,  Bmall  capitals,  accinted  tetters,  figures,  and  marks  of  refer- 
encci.  The  lowtr-ca»e  contains  small  letters,  ligatures,  points, 
Bpac«s,  and  (juad  rates. 
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CHAP.  III. 

IMITATIVE  ARTS,  COMPRISING,  DES16NINO|  PAIlfTIKG, 
.ENAMELLING,  PRINTING,  l.NORAVING,  ftCULPTURB, 
POTTERT,  AND  PORCELAIN-MODELLING. 


SECTION    I. 

KriQWledg^  of  the  Anoienis  in  respect  to  the  Imifativ^  Jrtt. 

It   wai  not,    to  the  philosophy  of   light,  shade,  and  colom 
alone,  that  the  ancieDts  directed  their  attention.     Tbej  Hiade  a 
practical  use  of  them  in  the  elegant  arts  of  designing  and  paintiafi 
in  all  the  different  branches  of  which  they  acquired  a  degree  of 
perfection  which  may  well  Tie  with  that  of  latev  ages.    Thoie  who 
ba? e  studied  tke  history  of  these  arts,  as  anciently  bnt  satisftcto- 
rily  compiled  by  Pliny^  must  be  convinced,  that  there  is  scaicfly 
a  style  of  modern  drawing  or  colouring  wbicb  was  not  knewa  to 
the  Greeks  ;  who  united  to  these  exquisite  accomplisbneota  aU  tk 
collateral  ramifications  of  embroidery,  tapestry,  brocadiagy  ds» 
Biask  work,  in  the  time  of  Homer  denominated  tiL'touTrm^woAmtj 
species  of  mosaic,  which,  according  to  the  Jtoman  anoalist,  M 
a  different  denomination  assigned  to  each.     Thus,  we  meet  wUt 
one  set  of  arranged  and  coloured  stones  which  was  called  iithos* 
trata ;  another,  opns  tesselatnm ;  a  third,  musiTum  ;  foartk^  oa» 
blematical ;  *  and  a  fifth,  Tenniculatum  ;   many  of  several  )fS»ik 
of  which  are  still  carefully  preserved  in  St.  Peter*s  chnrch  si 
Rome,  and  contribute,  in  no   small  degree,  to  the  splendoir 
of  that  idagnificent  edifice.     Their  inlaid  works,  howeTer,  weit 
not  confined  to  stone  and  marble ;  they  extended  to  bonii  tor* 
tpise.sbell,  and  i? ory  :  and  Pliny  makes  express  mention  of  lo- 
vera]  e:iquisite  proofs  of  their  taste  and  ingenuity  in  inlaying  li« 
bles,  and  other  furniture,  with  a  mixture  of  ivory,  and  woods  or 
barks  differently  coloured,  so  as  to  produce  the  effect  of  a  finished 
picture  or  inedalliom 

From  whom  the  Greeks  derifed  their  first  ^Knowledge  of  de« 
signing  we  know  not.  According  to  Pliny,  Telephanes  of  Sicyon 
and  Ariiices  of  Corinth  equally  contended  for  the  honour  |  bntdit 
species  of  design  he  first  adverts  to,  an  invention,  indeed,  pri6r  to 
t|i#  sera  that  cap  be  ascribed  to  these  artists^  is  the  rude  and  iOf 
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L  sMidilc  BMibod  of  tnrii«  tkv  M»  smSm  «!  *i  h^M  ifciJi  ■ 

r   «hniproj«ci«dupaB«w»B,mMMko4«UtfcMai«ml9isai(««r. 

Hlfcs  amfer  Um  bum  of  ■  mOMKAc,— *r<  kmmmm  Umam  cv- 

TU*  tftdtt  mt  4»«iBS,  and.  prataUr,  |i  iMk^.  ttrioij  m 
oIM,  nut  Iwre  brea  of  TH7  cariy  origM  i 
■ad  tap«;tr}-,  in  wUdi  col«vn  wm  h 
be«n  of  hi^h  antiquity  e*ra  aaa^  the  Jci 
bMb  tbesc  aits  pmuppme  the  uatn 
iogt,  fur  tbe  artise  Dewsisrilj  worked  fnm  m  f 
of  Pandion,  king  of  Athens,  uh)  ef  Ui  4 
iulormrd  frogoe  of  her  mnrortanes  by  iracnbii»g  tkgm  «■  tapotij, 
Bwy,  perhaps,  be  blioiout.  Be  Ibis,  boweTer. ■■  ilm*j,  mt\»om 
that  Ihi*  fable  is  of  rery  remote  origin,  ard  as  it  is  related  bj  ApoL 
bdonis,  was,  probabljr,  the  production  of  oi»e  of  the  Cjdic  poets, 
Mf^oncertiiag  vhom  the  rrader  aill  find  an  accoani  in  Noie  on  Book 
B  V>  T.  386.  of  the  present  tersion.  According  to  ikt  aduraUe 
K ay tbolofiil,  Philomela  did  not  indeed  paint  her  bblor]',  bat  eau 
tooidered  it  in  charactera  on  a  Teil.  Yet,  at  the  petiod  when  thu 
faUa  was  inveotrd,  we  can  scarce!}^  coaceire.  that  embroidery  was 
oontincd  to  ihe  exhibition  of  characters  alone  ;  it  was  anqDestian- 
blf  employed,  and  with  more  freedom,  in  the  art  of  tracing  and  dc. 
■iftning.  In  the  time  of  Uoroer,  however,  we  hare  nndonbted 
proof  of  the  application  of  tapestrj  (o  the  dignity  of  hiiioncal 
■objecU.  Iris,  in  the  third  book  of  the  Iliad,  finds  Helen  occu. 
pied  in  representing  on  tapestry  the  eiiis  which  the  Greeks  and 
Trojans  had  suffered  on  her  account  in  tbrir  baitles.  Such  an 
nudertaking,  ercn  supposing  it  were  executed  in  cammeo,  or  with 
a  single  colour,  CTinces  a  considerable  perfection  of  (he  art  sba 
was  practising.  But  the  Trojans  are  stated  to  hare  been  also  ac- 
quainted with  the  mode  of  interiniaing  different  colours  in  theic 
tapestries.  When  Anrlromache  learned  the  death  of  Hector,  sha 
wa»  at  wurk  in  a  relirrd  part  of  her  palace,  and  repre tenting,  in 
tapestry,  flbwers  of  a  variety  of  tinctures. 

AAX.  r,y'  iTTit*  u^**    liuvtu  Ufttv  ^^J/^jXel!, 

1l.  K.  439. 
Far  in  the  close  recesses  of  the  dome 
Penuveshe  ply'd  the  melancholy  loom ; 
A  growing  work  employed  her  secret  views, 
SpotleJ  ilivtTte  ci7A  intermingled  buei.  PofB 
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To  the  mere  ontlioe  or  silhouette,  the  Corinthino  or  Siejo. 
niftD  artist,  according  to  Pliny,  added  strokes  to  its  interior, 
— ^/aift  tunc  spargenies  lineoi  intus;  a  style  wliich  b  yet  re. 
tained  wheneTer  the  quill    or  the   crayon    is    employed ;  and 
some  admirable  drawings,  in  which  are  still  preserved  at  Rome  as 
the  production  of  Polydore  of  Cara? agio,  a  celebrated  pupil  of 
Raphael }  the  mode  of  executing  which  is  denominated  by  the  Ita- 
lians al  sgrqfiito.     Our  historian  then  advances  to  a  second  epoch, 
regarding  the  mere  outline,  and  the  outline  with  internal  strokes 
as  one  and  the  same,  although  I  cannot  but  a^ree  with  M.  Le* 
▼esque,  in  his  very  ingenious  essay  on  this  subject,  (Men.  da 
rinstit.  Nat.  Lit.  et  B.  Arts,  I.)  that  the  former  must,  for  a  long 
period,  have  preceded  the  latter.     This  second  epoch  of  Pliny 
comprises  the  use  of  a  single  colour  alone,  and  its  style  was,  in 
consequence,  denominated  by  the  Oreeks^  Mooochromaton,  and  is 
still  retained,  in  modem  times,  under  the  appellation  of  coMflseo* 
For  this  improvement  the  lioman  historian  presents  ns  with  two 
competitors  also,  without  deciding  on  the  superiority  of  their  pre* 
tensions ;  Philocles,  whom  he  asserts  to  have  been  of  Egypt,  and 
Cleanthes  of  Corinth.     This  seems  to  have  been  a  great  Improve 
ment  upon  the  style  of  stroke  or  linear  drawing  ;  for  although  the 
former  may  have  been  founded  upon  an  observation  of  the  efieds 
of  light  and  shade,  and  an  attempt  to  introduce  such  effects  upon 
paper,  yet^  every  attempt  must,  in  the  lirst  instance,  and  by  the 
use  of  strokes  alone,  have  been  harsh  and  inhArmnnious  ;  it  most 
have  wanted  relief,  and  been  incapable  of  exhibiting  the  gradual 
softness,  recession,  and  rotundity  which  ure  every  where  to  be  met 
with  iu  nature.   This  alone  b  tobe  obtained  in  any  high  degree,  by 
the  introduction  of  colour,  although  that  colour  be,  as  in  the  pre- 
sent instance  a  monochrome,  or  simple  individual  hue,  diverdfied, 
as  we  must  naturally  suppose  it  to  have  been,  by  the  gradual  ad« 
mixture  of  some  other  substance,  which^  without  presenting  any 
second  hue,   would  progressively   modulate  its  tones;  as  whe« 
black,  for  example,  is  the  only  tint  resorted  to,  and  its  different 
shades  are  produced  by  different  combinations  of  white.     It  is  to 
these  melodious  combinations  of  tints,  apparently  opposite,  in  which 
the  black  alone  maintains  the  supremacy,  that  the  Italians  have 
given  the  name  of  cAiaro«#ci<ro,  or  clear  obscure.    From  this 
advantage  gained  to  the  art,  it  Is  easy  to  trace  its  ascent  to  the  life 
and  harmony  of  colouring  properly  so  called — to  the  seru  of  Pause* 
nus,  Polygnotus,  and  Zenzis— to  the  exquisite  painlinfi  of  the 
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Bc!l«— «nd  the  meridian  age   of  Appf  llei,  who,  in  the  luigtuge 

Cicero,  consiimmafed  this  nobl«  inrrDtioD — ^*  jam  per/erta,'' 
id  he,  "  tua'  omnia."  To  draw  a  co'iipiiri&oa  bvtvppa  thtt» 
id  others  of  equal  celtbniy,  and  the  painters  of  modern  tiiBel, 
lulil  be  as  iiiiidioua  a;  fiirei^n  to  the  plan  I  haie  prescribed  to 
ffelf  Ii  is  eaough  to  obserre,  tbat  thir  eicllence  liai  bcea 
milted,  to  its  utmost  extent,  liy  Ajphjicl  and  Punuin  j  and  «• 
Ddot  trr  in  apiilaudine  Ibem  after  fucb  antfcedent  paneg}ifcs. 
Upon  (he  eubjei  'j  of  Grecian  i>tatDary  and  enxntioft,  su  ncarij 
onected  « itb  painting.  I  haie  not  s^iac  to  enter.  The  perfec 
in  of  the  former  an  may  be  fuilj  opprrcialeH  from  the  jjrrcKMU 
ltqae>  ntiich  Iiaii-  d  scended  to  our  own  day>  ;  and  (bat  of  the 
ler,  from  the  ile»cri  li^a  of  (he  shif^ldi  oi  Ihi'ir  b^^roti  ai  pre^ 
ited  to  as  by  their  puets.  But  I  on^bt  nut  to  forbrar  noticiog^ 
It  amidft  many  other  proofi  of  tlieir  ingenaiiy,  mb  di  are  lotaUy 

<o  ni,  ii  to  be  enumerated  t>i«ir  mode  of  encas*lic  paia'iog  m 
in  wax  ■»  on  iTory.     Of  ihe  inventors  of  Ibetc  vrry  csrivM 

«•  know  nothing.     The  style  of  painting  in  wax  wai  in  co»i 

■se  at  least  as   early  as  tbe   age  of  AnarreoD,   who,  as  11m 

pad  of  FoJy vr'lea  of  Sanius,  mntl  hare  flonrisbcd  opwardi  of  in 

■dr«d  y* «r*  anier-ur  'o  tlic  L'hri>iian  Kra ;  for  he  »kpreuly  )nem* 

Hi  in  sererat  ;  laces,  noil  ^rtiralarly  in  Ode  iXTiit.  Jn  which 
Us  dinwtion  to  tbe  pjinin,  who  was  (aJtinj  n  UbeiseM  »t 


Artyu-  f>*TM  yxs  a  ■np' 

Enongh — 'til  'b<- — her  air.  b^r  ch*ek — 
O  Was!  tboa  >oun  <ri1i  Icani  tu  spe«k. 

hna  wa*  also  ■oMber  mode  of  ewpjoyiaf  wai  in  lUp.pMatiaj, 
ifh  v&s  obTiously  mteniid  for  (be  sake  of  dnratsiM.  Iinl  whicti 
equally  lost  lo  ■is.  Tbe  little  with  wu  ch  we  are  acqnajatcd  of 
ue  diMmnl  methods  is  presened  by  Pliny  in  tbe  following  pni. 
[e,  xi.  41:  Encaitsta  piog'ndt  dno  fgJiae  nntiqmlwi  girmtn 
MtM,  ceril  H  in  ebore,  cettro,  id  «•!,  nrnd*}  dansc  rtami 
igi  urper*.  H«c  tettinm  ndctaiit,  reMhriii  igal  crfl*  pMkrilo 
mdi  i  qoK  pirtnra  in  nsnbws  ncc  note  »w  wir,  wdnt  corra»> 
lur.  >'  'llwre  were  Citraetly  tw*  ■odnn  af  yitrtiig  to  tmnmith, 
tkv&K.  and  on  iTory,  by  the  n^rfnc— tr— ,  ar  gn«cr,  till,  nl 
■hip*  btpn  to  bt  painbed.     A  Chi/d  ■»«•  «m  ttus  te. 


i: 
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Tented,  which  consisted  in  employing  a  pencil  brush  with  wai  db« 
sol? ed  oyer  a  (ire ;  which  produced  a  painting  for  Tesseb  that  wu 
neier  injured  by  the  sun,  the  sea.water,  or  the  winds/'  The  pu. 
sage  is  by  no  means  perspicuous ;  and  Pliny^  who  was  no  paiotsr 
himself,  does  not  appear  to  have  been  in  the  secret  in  either  case. 
All  we  can  collect  is,  that  every  mode  was  alike  encaastic,  or  cor« 
rosif e  by  means  of  fire :  that,  iti  the  two  former,  a  ceatnui  or 
pointed  grayer  was  employed ;  and,  in  the  latter,  a  penciLbnMk 
M.  Leyesqne  observes,  therefore,  as  has  been  obseired  alfo  bj 
M.  Scheffer,  (Graphice,  par.  16.)  that  the  painting  upon  hofj 
was  less  properly  a  painting  than  an  engraying,  the  point  of  ths 
grayer  being  heated  in  the  fire  to  a  red  heat— that  the  lines  wen 
of  one  colour  alone,  and  this  a  black  or  a  tawny.  I  know  aot, 
however,  what  reason  these  writers  have  for  limiting  the  encaMtie 
painting  on  ivory  to  any  individual  colour:  those  in  wax^nostai. 
snredly  comprehend  every  kind  and  combination  of  colour ;  for,  h 
the  ode  of  Anacreon  above  referred  to,  he  piakes  eipress  meatisa 
of  black,  white,  blue,  and  red;  and  as  the  instrument  emplojid 
in  both  these  modes  was  the  same,  as  they  were  both  effected  by  t 
similar  process  of  fire,  and  as  Pliny  does  not  inform  as  that  thvs 
was  any  difference  in  the  application  of  the  instrument,  we  may  si 
readily  suppose  that  the  encaustic  on  ivory  admitted  the  intradic- 
tion  of  different  colours,  as  th^  encaustic  in  wax.  M.  le  Ooapte 
de  Caylus  imagined  he  had  recovered  the  Grecian  mode  of 
tic  ship-painting  a  few  years  ago ;  but  his  method,  though  n 
nious,  is  rather  a  new  invention  than  a  revival  of  that  spoken  of 
by  Piiny ;  in  the  language  of  M.  Levesque,  it  is  an  ustion  rate 
than  inustion ;  Mutrif  but  not  r/^vrii. 

\GoofP$  Tramiation  of  Lucreiius^  Note  to  book  5,  v.  SV* 

SBCTION  II. 

Painting  in  Giasi^ 

Tu£  ancient  painting  in  glass  wu  very  simple  :  it  consisted  is 
the  mere  arrangement  of  pieces  pf  glass  of  different  coloois  is 
some  sort  of  symmetry,  and  constituted  what  is  now  called  iioak 
work.  In  process  of  time  they  came  to  attempt  more  regular  d^ 
signs,  and  also  to  represent  figures  heightened  with  all  their  shsdci: 
yet  they  proccedod  no  farther  than  the  contours  of  the  fipgm  i| 


lilack  witk  water  coknirty  and  etcUof  Ike  draperies  after  the  saae 
aMBoer  on  glassea  of  tke  coloar  of  the  object  tkej  desigoed  to 
paiot  For  tlie  camatioD  tliej  nsed  gla»  of  a  bright  red  coloor  ; 
aad  apoD  thk  they  drew  the  prioclpal  lincaaieiBts  of  tbe  face,  Ac 
witk  Mack.  At  length,  the  taste  for  this  sort  of  painting  iaiproriqg 
eooaiderablj,  and  tlw  art  being  foand  applicable  to  the  adorning 
of  cknrches,  palaces,  kc  thej  foand  out  seaas  of  incorporating 
Iht  coioars  in  tlw  glass  itself,  by  heatiag  theas  n  a  fire  to  a  proper 
d^greo^  having  irst  laid  on  the  oofenrs.  A  French  painter  at  Mar* 
aeniea  u  said  to  hare  giren  the  irst  notion  of  this  ifl^woteaent^ 
npon going  to  Room  vnder  the  pontificate  of  Jnlios  II ;  bnt  Albert 
Dnrer  and  Loeas  of  Lejdeo  were  the  first  tint  carried  it  to  anjr 
height. 

This  art,  however,  ins  freqnentlj  awt  with  wnA  litermptioo, 
and  soiaetiBMS  been  aiaNist  totaUy  lest ;  of  which  Mr.  Walpole 
gbcs  Iks  following  accoont  in  Us  Anecdotes  of  Feinting  in  Eng. 
knd  :  <^  The  first  iatemiptioo  giren  to  it  was  by  the  rclbrmatiiNiy 
widck  banished  the  art  oat  of  drarches ;  jet  it  was  in  sosse  man. 
ner  kept  ap  in  tke  escatcheoas  of  the  nobiUtj  and  gentry  in  tho 
windows  of  their  seats.  Towards  the  end  of  qneen  Elisabeth's 
ie%n.  Indeed,  it  was  onutted  even  there  ;  j«*t  the  practice  did  not 
entlrelj  cease.  The  chapel  of  oar  i^ady  at  Warwick  was  oma« 
■anted  anew  by  Robert  Dodley,  earl  of  Leicester  and  his  countess, 
and  Iht  cipher  of  the  glass- painter's  name  yet  reonioff,  with  tho 
date  1574  ;  and  in  some  of  the  chapels  at  Oxford,  the  art  a^ain 
appears,  dating  itself  in  1629,  by  the  hand  of  no  contemptible 


*^  I  coald  supply  eren  this  gap  of  48  years  by  nttoy  dates  on 
Flemish  glass:  bat  nobody  erer  supposed  that  the  secret  was  lost 
so  early  as  tbe  reign  of  Janries  I. ;  and  that  it  has  not  pertf  bed  since 
wOl  be  erident  from  the  following  series,  reaching  to  the  present 
hour. 

<^  The  portraite  in  the  windows  of  tbe  library  at  All  Souls,  Ox^ 
ford.  In  the  chanel  at  Qae^-n's  College  there  are  twelre  windows 
dated  1518.  P.C.  a  dpber  on  the  painted  glass  In  tbe  chapel  at 
Warwick,  1574.  The  windows  at  Wadbaoucollege ;  the  drawing 
pretty  good,  and  the  colours  fine,  by  Bernard  Van  Lioge,  1 023. 
In  the  chapel  at  Lincoln's  Inn,  a  window,  with  the  name  Bemard| 
11193.  Thb  was  probably  the  preceding  A'an  Lioge.  In  the 
church  of  St.  Leonard,   Shoraditch,  two  windows  by  Baptistn 
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Sutton,  1034.  The  windows  in  the  chapel  at  Unmrsitf-eollcgi 
Henry  Giles  pinxit  1687.  At  Christ  church,  Isaac  OliTer,  9gtA 
84,  1700.  Window  in  Merton-chapel,  William  Price,  1700. 
Windows  at  Queen's  New  college  and  Mandlin,  bj  WilUam  Price, 
the  son,  now  liTing,  whose  colours  arp  fine,  whose  drawing  is  goad, 
and  whose  taste  in  ornaments  and  Mosaic  is  far  superior  to  aof 
of  his  predecessors ;  is  equal  to  the  antique,  to  the  good  Italin 
masters,  and  only  surpassed  by  his  own  singular  modesfj. 

^'  It  may  not  be  unwelcome  to  the  curious  reader  to  aee  soat 
anecdotes  of  the  revival  of  taste  for  painted  glass  in  England.  Prieti 
as  we  have  said,  was  the  only  painter  in  that  stile  for  mmny  fmn 
in  England.     Afterwards  one  Rowell,  a  plumber  at  Reading,  fid 
some  things,  particularly  for  the  late  Henry  Earl  of  Pembroka; 
but  Row«'ll*s  colours  soon  vanished.     At  last  he  found  out  a  vtiy 
durable  and  beautiful  red  ;  but  he  died  in  m  year  or  two,  mod  As 
secret  with  hin.    A  man  at  Birmingham  began  the  same  art  ia  17M 
or  1757,  and  fitted  up  a  window  for  Lord  Lyttleton  in  the  ckaick 
of  Hagley,  but  soon  broke.    A  little  after  him,  one  Peckitt  at  T«k 
began  the  same  business,  and  has  made  good  proficiency.     A  fev 
lovers  of  that  art  collected  some  dispersed  panes  from  aocieat 
buildings,  particularly  the  late  Liord  Cobham,  who  erected  a  gotUc 
temple  at  Stowe,   and  filled  it   with  arms  of  the  old  Dobilitj,  Ac. 
About  the  year  1753,  one  Asciotti,  an  Italian,  who  had  laanisd 
a  Flemish  woman,  brought  a  parcel  of  painted  glass  from  FlandtiSy 
and  sold  it  for  a  few  guineas  to  the  Ifon.  Mr.  Bateman,  of  OM 
Windsor.     Upon  that  I  sent  Asciotti  again  to  Flanders,  wha 
brought  me  450   pieces,  for  which,  including  the  ezpenceof  Ui 
journey,  I  paid  him  36  guineas.     His  wife  made  more  journeys 
for  the  same   purpose ;  and  sold  her  cargoes  to  one  PlUner,  a 
glazier  in  St.  Martinis  lane,  who  immediately  raised  the  price  ti 
one,  two,  or  five  guineas  for  a  singjie  piece,  and  fitted  up  cutin 
windows  with  them,  and  with  mosaics  of  plain  glass  of  difereot 
colours.    In  1761,  Paterson,  an  auctioneer  at  Essez-liouse  la  the 
Strand,  exhibited  the  two  first  auctions  of  painted  glasa,  importad 
in  like  manner  from  Flanders.     All  this  manufacture  consisted  in 
rounds  of  Scripture-stories,  stained  in  black  and  jellow,  or  ii 
suMill  figures  of  black  and  white;  birds  and  flowers  in  coloariy  and 
Flemish  coats  of  arms.*' 

The  colours  used  in  painting  or  staining  of  glass  are  Terf  dif- 
fertot  froos  those  used  in  painting  either  Id  watar  or  oil  coloan. 
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Por  blick,  tkk«  s»le>  of  iro«,  one  twacc;  taia  of  capper,  •■■ 
ounce  ;  jet,  bklf  an  onnce  ;  redacctbeaUt  p»*4et,  aad  mix  Atm. 
Por  blur,  Uke  powder  of  Une,  one  ponod ;  nitn,  Uf  c  pe^  ; 
mix  tbem  and  grind  them  well  togetber.  For  caniatioa,  Uke'ndl 
chklk,  eight  ounces  ;  iron  Kales,  and  lUhargv  of  drer,  •(  each  tv« 
o«aces  I  gum-arabic,  hall  an  onnce  ;  dmoii*  n  vater,  griad  alia- 
getiter  for  half  an  hoar  as  stiff  as  job  can  ;tbes  pat  it  n  a  glMiiad 
stir  it  well,  and  let  it  sUnd  lo  Mitle  EaattMadi7>.  Fargw^ 
Uke  red  l«ait,  one  pound  ;  wale*  of  copper,  mm  paaad  ;  ami  Cat, 
fire  panndt ;  divide  tbem  into  tliree  parts,  aad  add  la  AcsHaaA 
nitre  ;  pot  tbem  into  a  crucible,  tad  aelt  th^  vilfc  a  Hiia^  fcvj 
lad  when  i\  is  cold,  powder  rt,  and  griad  it  aa  a  potpfcyTj.  Far 
gold  colour,  take  tiWer,  an  oance ;  aniinoaj,  fcalf  tm  tmmet  ;  mtit 
them  in  a  crucible  ;  lbf>n  pound  the  m^  la  pawder,  aad  piad  It 
OR  a  copper  plate ;  >dd  to  it  yeMaw  ockra,  ar  bckk-dart  caltiaed 
i^n,  fifteen  oonc^  ;  and  griad  Ikcv  well  tagelhn  sU  «MeE> 
For  parpk,  take  miniam,  ooepoaad;  brawn  ttmrnr,  aae  poaad; 
^Ute  ffint,  fire  pound*  ;  diridc  theai  into  tbre*  parts,  and  add  la 
l^n  at  ranch  nitre  as  one  of  the  parta ;  caJciae,  Mett,  aad  grbd  it 
u  jon  did  tbe  green.  For  red,  take  jet,  foar  iMKca  ;  Gllurgc  of 
■Hrer,  Iwoouoces  ;  red  chalk  one  onnce;  powder  Aeafia^  mti 
mix  tbem.  For  white,  take  jet,  tso  parti ;  white  iW,  paaad  mm 
m  glass  rery  fine,  one  part  ;  nti  ihtm.  For  yeilaw,  tdt*  gpam'^ 
bfown,  ten  parts  ;  teaf-Mlrer,  one  part ;  aMiwowy,  half  a  put;  pal 
■U  into  a  crnciUe.  and  ulcine  tbea  well. 

In  all  the  window*  of  ancient  cbnrchei,  ftc  dure  aR  la  ke  tecs 
tbe  OKMt  beanttfol  and  ririd  coloun  iangiuUe,  allek  iv  ticte4 
toy  ot  tboM  osed  by  the  modems,  not  lo  WKfe  becaaw  Ike  secret 
a(  making  ihoM'  cotoitn  14  entirely  UhI,  as  thai  ifca  ladeiai  vS 
net  go  tn  the  charfje  of  Diem,  twr  be  at  Ike  neecMary  ptiMi  hf 
reason  that  this  »ort  of  painting  is  not  saw  la  wnA  i*  cMaeM  at 
fbnnerty.  Tbo<e  besulifol  works,  wUck  were  made  la  Ike  gjnik 
honiea,  were  of  two  kinds. 

In  seme,  tbe  colour  was  diAued  Ikreagb  tbe  whole  rabftaaea 
of  tbe  glass.  In  i.>lb«rt  wUtl  wei«  &r  tbe  most  coBMOn,  It* 
oaWarwasoaly  on  one  side,  »careepenetr«liag  within  tbe  labttanea 
■bore  one.third  uf  aline  ;  tbongb  tl.ii  was  more  or  less  according 
to  the  nalare  of  th"  culonr,  tbe  yellow  beii^  always  fonod  to  enter 
the  deepest.  These  last,  fbooirti  not  so  strong  aad  beautiful  as  (be 
fonner,  were  of  taore  advantage  to  the  workmen,  by  reawa  thU 
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on  the  stme  glass,  though  already  coloured,  thej  could  shew  oihe/ 
kinds  of  colours  where  (here  was  occasion  to  embroider  drtperteS) 
enrich  them  with  foliages,  or  represent  other  ornaments  of  gold, 
silfer,  &c. 

In  order  to  this,  they  made  use  of  emery,  grinding  or  wearing 
down  the  surface  of  the  glass  till  such  time  as  they  were  got  through 
the*  colour  to  the  clear  glass.  This  done,  they  applied  the  proper 
colours  on  the  other  side  of  the  glass.  By  these  means,  the  new 
colours  were  hindered  from  running  and  miiing  with  the  former, 
when  they  exposed  the  glasses  to  the  fire,  as  will  appear  hereafier. 
When  indeed  the  ornaments  were  to  appear  white,  the  glass  wu 
only  bared  of  its  colour  with  emery,  without  tinging  the  place  with 
any  colour  at  all ;  and  this  Was  the  manner  by  Which  they  wrougU 
their  lights  and  heightenings  on  all  kinds  of  coloiir. 

The  first  thing  to  be  done,  in  order  to  paint  or  stain  glass  in  the 
modem  way,  is  to  design,  and  even  colour  the  whole  subject  ott 
paper.  Then  they  choose  such  pieces  of  glass  as  are  clear^  €Tcb, 
and  smooth,  and  proper  to  recei? e  the  several  parts  ;  and  proceed 
to  distribute  the  design  itself,  or  the  paper  it  is  drawn  on,  ioto 
pieces  suitable  to  those  of  the  glass,  always  taking  care  that  tk 
glasses  may  join  in  the  contour^  of  the  figures,  and  the  folds  of  tk 
draperies;  that  the  carnations  and  other  finer  parts  may  not  be 
impaired  by  the  lead  with  which  the  pieces  are  to  be  joined  together^ 
The  dbtribution  being  made,  they  mark  all  the  glasses  as  well  as 
papers,  that  they  may  be  known  again  :  which  done,  applying 
every  part  of  the  design  upon  the  glass  intended  for  it,  they  oopj 
or  transfer  the  design  upon  this  glass  with  the  black  colour  diluted 
in  gum.wa(^er,  by  tracing  and  following  all  the  lines  and  strokes n 
appear  through  the  glass  with  the  point  of  a  pencil. 

When  these  strokes  are  well  dried,  which  will  happen  in  aboit 
two  days,  the  work  being  only  in  black  and  white,  they  give  its 
slight  wash  OTer  with  urine,  gum*arabic,  and  a  little  black :  aid 
repeart  it  several  times,  according  as  the  shades  are  desired  to  be 
heightened  ;  with  this  precaution,  never  to  apply  a  new  wash  tiU 
the  former  is  sufficiently  dried.  This  done,  the  lights  and  rishigi 
are  given  by  rubbing  off  the  colour  in  the  respective  places  with  a 
wooden  point,  or  the  handle  of  the  pencil. 

As  to  the  other  colours  above  mentioned,  they  are  used  with 
gum. water,  much  as  in  painting  in  miniature ;  taking  care  to  apply 
ttiem  lightly,  for  fear  of  effacing  the  outlines  of  tho  deaigo  j  or  treit 
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for  the  greater  security,  to  applj  them  oo  the  other  side ;  esperiallj 
jrellow,  which  is  fery  pernicioos  to  the  other  colours,  bj  bl«-ndio^ 
therewith*  And  here  to,  as  in  pieces  of  black  and  white,  parti, 
colar  regard  must  always  be  had  not  to  lay  colour  on  colour,  or 
put  on  a  new  lay,  till  such  time  as  the  former  is  well  dried. 

When  the  painting  of  all  the  pieces  is  finished,  they  are  carried 
to  the  furnace  to  anneal  or  bake  the  colours. 

Having  often  been  delighted  with  the  grand  effect  produced  by 
the  windows  of  stained  glass  in  old  churches  and  monasteries,  we 
hsTe  regretted  that  such  fine  and  durable  colouring  should,  in  so 
Bsny  cases,  hare  been  prostituted  upon  wretched  designs  inferior 
to  the  productions  of  our  sign  post  daubers*  We  hare  wbhed  that 
fome  mode  could  be  derised  of  copying  and  mnltiplyiiig  pictures 
vpoo  glass — some  mechanical  mode,  which  should  require  ^e  aid 
of  the  artist  in  the  first  instance  only,  and  leare  all  the  sabseqoeat 
operations  to  be  perfonned  by  inferior  hands,  as  in  the  case  of 
copper.plate  printing.  Portraits  at  least,  on  a  single  piece  of  glass 
which  should  perpetuate  the  features  of  great  men  and  beautiful 
WTOsen,  secure  from  that  decay  of  colour  and  of  canras  which  has 
alreudy  begun  to  obliterate  the  finest  paintings  of  the  greatest  art* 
ists  whom  the  world  has  erer  produced,  might  possibly  be  produced 
hk  die  following  way. 

Suppose,  after  the  outline  of  a  likeness  is  drawn,  that  blocks 
were  cut  from  it  after  the  same  manner  as  for  callicoes ,  or  paper- 
ksBgings,  only  with  superior  nicety,  and  in  greater  number  for  the 
purpose  of  multiplying  and  better  blending  the  tints. 

Enamellers  must  determine  what  shall  be  the  proper  substances 
for  the  different  colours,  and  with  what  liquid  they  shall  be  mois* 
teoed,  that  they  may  be  readily  taken  up  by  the  blocks,  and  thence 
transferred  to  another  body  by  pressure* 

From  these  blocks,  and  with  these  colours,  let  the  figure  be 
printed  on  paper  :  and,  to  prevent  inaccuracy  in  bringing  the  se« 
psrate  parts,  cut  on  the  different  blocks,  to  unite  into  a  complete 
whole,  let  the  paper  be  placed  under  a  frame  secured  in  an  im- 
■oresble  position  during  the  operation.  The  blocks  bf-ing  accu- 
ralelj  squared,  all  exactly  of  the  same  dimensions,  and  each  nicely 
ittinK  the  frame,  cannot,  in  parsing  through  it  to  deliver  their  se« 
veral  impressions,  make  the  smallest  deviation  from  their  intended 
places,  but  must  produce  an  exact  picture^— at  least  on  the  paper. 

To  transfer  that  impression  to  glass,  is,  indeed,  a  work  of  nicety 
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and  difficultj.  Were  it  not  for  some  smaller  strokes  which  ihust 
necessarilj  be  in  wood,  the  entire  impression  might  in  the  ontset 
be  made  on  the  glass  itself,  without  any  intervention  of  paper; 
since  experience  has  proTed  to  the  calico-printers,  that  the  great 
masses  of  coloar  cannot  be  saccessfally  delirered  from  wood; 
wherefore  they  are  obliged,  in  those  parts  of  their  patterns,  to  vse 
bits  of  smooth  worn.ont  beaver-hat,  which  might  rery  well  be 
pressed  on  the  glass.plate. 

However,  from  what  we  every  dsiy  see  effected  in  the  case  of 
prints  affixed  to  glass  without  any  of  the  paper  remaining,  and  alsa 
of  copper-plute  embellishments  upon  porcelain  and  queen's  ware, 
we  doubt  not  that  the  picture,  while  fresh,  ^^7^  hy  well  managed 
pressure,  be  transferred  from  the  paper  to  an  even  plate  of  groiiiid 
glass  coated  with  a  proper  gluten  which  shall  not,  at  least  not  ma- 
terially, offuscate  its  transparency  ;  and  experiment  mast  determioe 
whether  the  paper  may  afterward  be  gently  drawn  or  peeled  off,  or 
must  be  burned  away,  or  destroyed  by  a  corrosive  liquid,  if  aoj 
such  can  be  found  which  will  not  injure  the  colours. 

Suppose,  however,  the  operation  of  removing  the  paper  to  be 
satisfactorily  performed,  proceed  we  now  to  secure  the  indelibiUij 
of  the  picture. 

Let  a  square  plate  of  cast.iron,  an  inch  or  two  in  thickness,  ani 
as  level  and  smooth  as  possible,  be  furnished  on  every  &ide  with  a 
metal  ledge  rising  an  inch  or  more  in  height,  which  ought  to  be  in 
two  separate  pieces,  the  one  permanently  fastened  to  the  plate,  the 
other  capable  of  being  removed  at  pleasure,  for  the  purpose  of  lay- 
ing in  and  taking  out  the  glass  without  violence. 

Within  that  ledge  let  the  glass  be  fitted,  closely  touching  it  oo 
every  side,  and  lying  with  the  painted  surface  uppermost*  Upon 
this  lay  another  plate  of  glass,  fitted  in  the  same  manner. 

Let,  now,  the  mf  tal  frame,  with  the  inclosed  glasses,  be  exposed 
to  the  action  of  fire  until  the  glass  plates,  without  being  melted  to 
absolute  fluidity,  shall  nevertheless  become  sufRciently  soft  to 
coalesce  into  one  body  under  a  strong  pressure.  The  body  whid 
conveys  the  pressure,  and  lies  in  immediate  contact  with  the  glass, 
must  equally  fit  and  completely  fill  the  entire  space  between  tin 
ledges,  that  there  be  no  room  for  the  soft  glass  to  spread  in  any 
direction. 

Those  who  have  witnessed  the  process  pursued  in  softeniiy 
tortoise-shell  in  the  fire,  and  pressing  it  into  the  varioos  shapes  of 


EHAMELLIKG. 


419 


lanff  boxes,  iiuiSy  kc.  &c.  wfll  not  coocehe  nock  diftcvltj  is  tUt 
ise  of  the  glass.  It  may  be  mana^  b  j  tbe  aid  of  a  marfiiiie  sooe* 
rhat  similar  to,  but  more  powerfal  than,  a  common  pMtmc  pre«^ 
ritb  a  solid  m<»Ul  plaUne,  to  fit  and  fiU  the  fraaie,  as  abore ;  thoo^h 
nnch  better  contriTances  may  be  found  among  the  moldfiriovs  en- 
gines employed  at  Birmingham  for  the  purposes  of  co^ifii,  and 
itriking  the  heary  dies,  titan  any  we  can  possiWy  saggest.  In 
ivhateTer  maooer  the  two  glasses  nuy  be  pressed  into  cbkmi,  the 
united  body  may  be  afterward  ground  and  polished. 

[Pamiologia.  WalpoU. 

SBCTIOlf  III. 

Enamellimg, 

The  delicate  and  beautiful  art  of  enamelling  comists  in  fhe 
applicaUon  of  a  smooth  roatin^^^f  Titrified  matter  (transparent  or 
opaque,  and  wi^h  or  without  colour,  figures  and  other  onsaments), 
ta  a  bright  :)olis!ied  mf  talHc  substance.  It  is,  therefore,  a  kind  of 
varnish  made  uf  gbss.  and  ra^'lted  upon  the  substance  to  which  \t 
if  applied,  an<l  atfording  a  tine  uniform  ground  for  an  infinite  Tari. 
9ltj  of  ornaments  which  are  also  fixed  on  by  heat. 

The  general  principles  on  which  enamelling  is  founded,  are  on 
the  whole  Tery  simple,  but,  perhaps,  there  is  none  of  all  the  cbe* 
mico-mechanical  arts  wi.ich  requires,  for  the  finer  parts,  a  greater 
degree  of  practical  skill  and  dexterity,  and  of  patient  and  accurate 
attention  to  minnte  processes. 

The  concealment  observed  by  those  who  profess  this  art,  is  pro- 
portioned to  the  diHiculty  of  acquiring  it ;  the  general  chemist 
nast,  therefore,  content  himself  with  the  genemi  principles  of 
enamelling,  and  the  detail  of  those  particulars  that  are  commonly 
known. 

Though  the  term  enamelling  is  usually  confined  to  the  omamen- 
tal  glaxing  of  metallic  surfaces,  it  strictly  applies  to  the  glazin^y  of 
pottery  or  porcelain,  the  difference  being  only  that  in  the  latter  the 
inrfiu:e  is  of  baked  clay.  With  regard  to  the  composition  of  co* 
loured  enamels  (which  are  all  tinged  by  different  metallic  oxydsj  a 
Tery  general  account  of  the  substances  used  will  sofiice  in  this 
place,  the  rest  of  the  subject  haying  been  treated  of  in  the 
article  of  coloured  glass.  The  enamelling  on  metab,  therefore,  will 
only  be  noticed  in  this  place.     The  only  metals  that  ara*enamelled, 

2  a  2 


420  ENAMBLLING. 

are  gold  and  copper  ;  and  with  the  latter  the  opaqae  enamels  are 
only  used.  Where  the  enamel  is  transparent  and  coloured,  the 
metal  chosen  should  be  of  that  kind,  as  not  onljr  to  hmTe  its  sur- 
face unalterable  when  falljr  red  hot,  but  also  to  be  in  no  degree 
chemically  altered  by  the  close  contact  of  melted  glass,  contain- 
ing an  abundance  of  some  kind  of  metallic  oxyd.  This  is  the  chief 
reason  why  coloured  enamelling  on  silver  is  impracticable,  though 
the  brilliance  of  its  surface  is  not  impaired  by  mere  heat,  for  if  (for 
example)  an  enamel  made  yellow  with  oxyd  of  lead,  or  antimony 
is  laid  on  the  surface  of  bright  silver,  and  kept  melted  on  it  for  t 
certain  time,  the  silver  and  the  enamel  act  on  each  other  so  power- 
fully,  that  the  colour  soon  changes  from  a  yellow  to  an  orange, 
and  lastly  to  a  dirty  olive.  Copper  is  equally  altered  by  the  co- 
loured anamels,  so  that  gold  is  the  only  metal  which  can  bear  tht 
long  contact  of  the  coloured  glasses  at  a  full  red  heat,  withoot 
being  altered  by  them. 

The  simplest  kind  of  enamel  is  that  fine  white  opaqae  gUus, 
which  is  applied  to  the  dial  plate  of  watches.  The  process  of  lay- 
ing it  on  (which  may  serve  as  a  general  example  of  the  art)  is  the 
following. 

A  piece  of  thin  copper  sheet,  hammered  of  the  requisite  con- 
vexity, is  first  accurately  cut  out,  a  hole  drilled  in  the  middle  for 
the  axis  of  the  hands,  and  both  the  surfaces  made  perfectly  bright 
with  a  scratch  brush. 

A  small  rim  is  then  made  round  the  circumference,  with  a  tiiia 
brass  band  rising  a  little  above  the  level,  and  a  similar  rim  round 
the  margin  of  the  central  hole.  The  use  of  these  is  to  confine  the 
enamel  when  in  fusion,  and  keep  the  edges  of  the  plate  quite  mat 
and  even.  The  substance  of  the  enamel  is  a  fine  white  opaque 
glass,  the  material  of  which  will  be  presently  mentioned.  This  is 
bought  in  lump  by  the  enamellers,  and  is  first  broken  down  with  a 
hammer,  then  ground  to  a  sufilciently  fine  powder,  with  sobm 
water,  in  an  agate  mortar;  the  soperfluoas  water  being  then 
poured  off,  the  pulverised  enamel  remains  of  about  the  consistenoe 
of  wetted  sand,  and  is  spread  very  erenly  over  the  surface  of  the 
copper.plate  by  many  dexterous  manipulations.  On  most  enamel- 
lings,  and  especially  on  this,  it  is  necessary  also  to  counter  ena- 
mel  the  under  concave  surface  of  the  copper  plate,  to  prevent  its 
being  drawn  out  of  its  true  shape,  by  the  unequal  shrinking  of  the 
Bietal  and  enamel  on  cooling.    For  this  kind  of  work,  the  counter 
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eommel  is  odI/  abost  half  the  tkidaess  m  tW  cMcave  as  m  &» 
«oovex  side.  For  flat  plates,  tke  tyrkmrw  b  tke  sae  oa  WA 
sides. 

The  plate,  covered  with  the  smmsI  cmasei  povAer^  is  gaiiii 
and  ChoroDghlj  dried,  theo  geotljr  set  «poB  a  ihia  caithta  rii^ 
that  supports  it  only  by  toachiuc  the  ovt^r  Hb,  aad  pst  giadsaHj 
into  the  red  hot  maffle  of  the  eammeller^s  larvace.  nb  fmaoe 
it  constmcted  somewhat  like  the  assay  fiarwaoe,  bat  the  wppcr  past 
aloae  of  the  muffle  is  much  heated,  and  sosac  pecwBanties  are  ob. 
served  io  the  constroctioD,  to  enable  the  artirt  la  gwfcra  the  ire 
more  accurately. 

The  precise  degree  of  fire  to  be  fivea  here  as  as  all 
is  that  at  which  the  particles  of  the  easm^  nn  tocether 
uiform  pasty  consistence,  and  extt-nd  themn-lves  ereaW  mmn  the 
iorface,  shewing  a  fine  polbhed  fice,  caiefsily  aroirnf  am  the 
other  hand  so  great  a  h«  at  as  woold  <radaBeer  the  HK-Hiati:  of  the 
tiiin  metallic  plate  Wh^-n  the  enamel  b  thos  see«  to  sweat  dcm, 
as  it  were,  to  an  uniform  glossy  glazing,  the  piece  b  gradaally 
witiidrawn  and  cooled,  otherwise  it  woald  fly  by  the  actios  of  the 
cold  air. 

A  second  coating  of  enamel  b  then  laid  ob  aod  6red  as  belbre, 
bat  this  time  the  finest  powder  of  enamel  b  taken,  or  that  tthidk 
remains  snspeod^'d  in  the  washing.  It  b  then  ready  to  receife  the 
flgnres  and  dirision  marks,  which  are  ande  of  a  black  esaaoel^ 
ground  in  an  agate  mortar,  with  much  labour,  to  a  BMMt  impalpable 
powder,  worked  up  on  a  pallet  with  oil  of  larcnder,  or  spike,  and 
laid  on  with  an  extremely  fine  hair  brush.  The  plate  U  then  stored 
to  evaporate  the  essential  oil,  and  the  figure  burnt  in  as  before* 
The  polishing  with  tripoli,  aud  minuter  parts  of  the  process^  need 
not  be  here  mentioned. 

If  the  enamel  be  chipped  off*  a  dial  plate  (which  may  be  done 
with  the  utmost  ease,  by  bending  it  backwards  and  forwards,  as 
the  adhesion  between  the  metal  and  glazing  b  t ery  slight)  the  part 
immediately  in  contact  with  the  copper  will  be  found  deeply  and 
nearly  uniformly  browned,  which  shews  how  unfit  copper  alone 
would  be  for  the  tran^parent  enameb. 

The  regulation  of  the  fire  appears  to  be  the  most  difficult  of  all 
Ike  parts  of  this  nice  process,  particularly  in  the  fine  enamelling 
of  gold  for  ornamental  purposes,  of  designs,  miniatures,  and  tha 
likti  where  three,  four,  or  sometimes  five  separate  firings  art  re« 
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quired.  If  the  lieat  is  too  low,  the  enamel  does  not  Bpread  and 
Titrlfy  as  it  ought ;  if  too  high,  it  may  be  euougb  to  melt  the  metal 
itself,  Hhose  fusing  point  is  but  a  small  step  above  that  of  the  ena. 
mel,  or  else  (what  is  an  equal  mortification  to  the  artist)  the  deli, 
cate  6gureSy  laid  on  with  so  much  care  and  judgement,  meltdown 
in  a  moment,  and  the  piece  exhibits  only  a  confused  assemblage  of 
lines,  and  fragments  of  designs. 

The  exact  composition  of  the  opaque  white  enamel,  is  a  matter 
of  considerable  importance,  and  is  procured  by  the  enameUers 
from  persons  whose  business  it  is  to  prepare  it.     A  good  enamel 
of  this  kind,  fit  to  be  applied  to  porcelain  and  metals,  should  be  of 
a  yery  clear  fine  white,  so  nearly  opaque,  as  only  to  be  translucent 
at  the  edges  ;  and  at  a  moderate  red  heat  it  should  run  into  thtt 
kind  of  paste,  or  imperfect  fusion  which  allows  it  to  extend  itself 
freely  and  uniformly,  and  to  acquire  a  glossy  even  surface,  withoati 
however,  fully  melting  into  a  thin  glass.     The  opaque  white  of  thb 
enamel  is  given  by  the  oxyd  of  tin,   which  possesses,  even  in  a 
small   proportion,  the   property  of  rendering  vitrescent  mixtures 
white  and  opaque,  or  in  still  less  proportion,  milky;  and  when 
otherwise  coloured,  opalescent.     The  oxyd  of  tin  is  always  mixed 
with  three  or  four  times  its  quantity  of  oxyd  of  lead  ;  and  it  ap. 
pears  necessary  that  the  metals  should  be  previously  mixed  by 
melting,  and  the  alloy  then  calcined.     The  following  are  the  direc- 
tions given  by  Clouet  for  the  composition  of  this  enamel.     Mix 
100  parts  of  pure  lead  with  from  *20  to  ^5  of  the  best  tin,  and 
bring  them  to  a  low  red  heat  in  an  open  vessel.    The  mixture  tbsa 
burns  nearly  as  rapidly  as  charcoal,  and  oxidates  very  fast,    Skiffl 
off  thn  crusts  of  oxyd,  successively  formed,  till  the  whole  b  tho- 
roughly calcined.     It  is  better  then  to  mix  all  the  skimmings,  and 
a<^ain  heat  as  before,  till  no  flame  arises  from  them,  and  the  whde 
is  of  an  uniform  grey  colour.     Take  100  parts  of  this  oxyd,  100 
of  sand«  and  25  or  30  of  common  salt,  and  mtrlt  the  whole  in  t 
modente  h*at.     This  gives  a  greyish  mass,  often  porous  and  appa- 
rently imperfect,  but  which,  however,  runs  to  a  good  enamel  when 
afterwards  heated.     This  is  the  enamel  used  for  porcelain,  but  for 
metal    and  finer  works  the  sand   is  previously  calcined  in  a  very 
strong  heat  with  a  fourth  of  its  weight,  or,  if  a  more  fusible  com« 
pound  h  wanted,  as  much  of  the  oxyd  of  tin  and  lead  as  of  salt  is 
taken,  and  the  whole  melted  to  a  white  porous  mass.    This  is  then 
employed  instead  of  the  rough  sand  as  in  the  above-mentioned  pro. 
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c«s.  The  aboTC  proportions,  howcTer,  «re  not  inrariable,  for  if 
»ore  fusibility  ii  wanted,  (he  tlose  of  oiyd  is  increased,  anJ  Ibat 
of  tbe  land  diminished,  the  quantity  of  common  salt  remaining  Ihe 
saine.  The  sand  employed  in  this  process,  accaiding  to  Mr.  Clouel^ 
is  nut  the  common  sort,  howerer  fine,  but  a  nticaceooi  Mud,  in 
wbicb  the  mica  forms  about  one.fourth  of  tbe  mixture, 

Neri,  in  bis  oloable  treatise  on  glass- ma  king,  has  giren  long 
a^o  (he  following  proportions  for  the  common  material  of  all  tbe 
opaque  enamels,  which  Konckel  and  oiher  practical  cfaemisis  bare 
confirmed.  Calcine  30  parts  of  lead,  with  33  of  tin,  with  ibe 
precutions  mentioned  aboie.  Take  of  (his  calcined  mixed  oxyd 
50  ponnds,  and  as  much  of  powdered  flints  (prepared  by  being 
(hrowD  into  water  when  red  hot,  and  then  ground  lo  powder),  and 
eight  oances  of  salt  of  lar(ar;  ineK  Ibe  miitore  in  a  t(rung  fire 
k«pt  Dp  for  (en  hours,  after  which  reduce  (be  ma;s  to  powder. 
This  is  the  common  material  for  the  opaqne  enamels,  and  ts  of  a 
grey  white.  To  make  (his  fine  enamel  quite  white,  mit  si\  pounds 
of  this  material  with  48  grains  of  ihe  best  black  oiyd  of  manea- 
oete,  and  melt  in  a  clear  fire.  When  fnlly  fused,  throw  it  into 
ooiA  water,  then  re-melt  and  cool  as  before  two  or  three  times,  till 
tte  enamel  is  quite  white  and  fine.  Kunckel  obserres  on  thi«  pro> 
SCSI,  that  he  tried  it  withont  the  oxyd  of  manganese,  but  the  ena- 
mel, iDjtead  of  tH-ing  milk  white,  was  bloeish  and  not  good,  to 
tbat  th«re  is  no  donbt  bat  that  ibis  oiyd  is  highly  important.  If 
too  much  b  used,  the  enamel  becomes  of  a  roM  purple.  For  fur. 
Iker  obserTations  on  this  subject,  mc  the  ar(icle  Glass.  Colour- 
ed enamels  are  composed  of  >  common  basis,  «hicb  ii  a  fuiible 
Wlxture  of  vitrifiable  materials,  and  of  some  melallic  oxyd.     In 

leral,  the  coloured  enamels   are   required  to  be  transpareni, 

which  case,  the  basb  is  a  kii>d  of  glait,  composed  of  borax, 
■and,  and  oijd  of  U-ad,  or  other  vitrescent  miitareo,  in  which 
the  proportion  of  saline  or  metallic  Rui  it  more  or  less  accord, 
■ng  to  tbe  degree  of  heat  that  tbe  colouiing  osyd  wilt  bear  with. 
out  dc  compos  it  ion.  When  the  coloured  fnamel  is  to  be  opaqne, 
ipaleictnt,  ■  certain  portion  of  the  white  opaqne  enantel, 

of  the  osyd  of  tin,  is  added  lo  Ihe  mixture.     The  most  beau. 

il  and  costly  colour  known  in  enamelling,  ii  an  exquiiilely  fine 
Meh  red,  with  a  purplish  lin^e,  given  by  the  lalti  and  oiydl 
$1  gold,  especially  the  pnrpk  ptecij  ilate,  furtoed  by  tin  in  ooa 
3a4 
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form  or  other,  and  nitre  muriat  of  gold,  and  also  by  the  falmiaat. 

ing  gold.     This  beautiful  colour  requires  much  skill  in  the  artist 

to  be  fully  brought  out.     It  is  said,  that  when   most  perfect,  it 

should  come  from  the  fire  quite  colourless,  and  afterwards  receite 

its  colour  by  the  flame  of  a  candle.     Gold  colours  will  not  bears 

▼iolent  fire. 

Other  and  common  reds  are  given  by  the  oxyd  of  iron,  but  tlus 

requires  the  mixture  of  alumine,  or  some  other  substance  refrac- 
tory in  the  fire,  otherwise  at  a  full  red  heat  the  colour  will  degene* 
rate  into  black. 

Yellow  is  given  either  by  the  oxyd  of  silver  alone,  or  by  the 
oxyds  of  lead  and  antimony,  with  similar  mixtures  to  those  rf< 
quired  for  iron.  The  silver  is  as  tender  a  colour  as  goldj  and  rau 
dily  injured  or  lost  in  a  high  heat. 

Green  is  given  by  the  oxyd  of  copper,  or  it  may  also  be  pro* 
cured  by  a  mixture  of  blue  and  yellow  colours. 

Blue  is  given  by  cobalt  ?  and  this  seems  of  all  enamel  coloan 
the  most  certain,  and  easily  manageable. 

Black  is  produced  by  a  mixture  of  cobalt  and  manganese. 

The  reader  may  conceive  how  much  the  difficulties  of  this  Dice 
art  are  increased,  when  the  object  is  not  merely  to  lay  an  uniform 
coloured  glazing  on  a  metallic  surface,  but  also  to  paint  that  sur- 
face with  figures  and  other  designs,  that  require  extreme  delicacy 
of  outline,  accuracy  of  shading,  and  selection  of  colouring.  Tbs 
enamel  painter  has  to  work,  not  with  actual  colours,  but  with 
mixtures,  which  he  only  knows  from  experience  will  produce  cer« 
tain  colours  after  the  delicate  operation  of  the  fire  ;  and  to  ths 
common  skill  of  the  painter,  in  the  arrangement  of  his  pallet  and 
choice  of  his  colours,  the  enameller  has  to  add  an  Infinite  quanti^ 
of  practical  knowledge  of  the  chemical  operation  of  one  metallic 
oxyd  on  another,  the  fusibility  of  his  materials,  and  the  utmost 
degree  of  heat  at  which  they  will  retain  not  only  the  accuracy  of 
the  figures  which  he  has  given,  but  the  precise  shade  of  colour 
which  he  intends  to  lay  on. 

Painting  in  enamel  requires  a  succession  of  firings;  first  of  the 
ground  which  is  to  receive  the  design,  and  which  itself  requires  two 
irings,  and  then  of  the  difiFerent  parts  of  the  design  itself.  The 
ground  i$  laid  on  in  the  same  general  way  as  the  common  watch 
face  enamelling  already  described.     The  colours  are  the  difierent 
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metallic  oxjds,  melted  with  some  THrescent  miifore,  and  gnmod 
to  extreme  fioemss.  These  are  worked  op  with  aa  essential  oil 
^that  of  Kpike  is  preferred,  aod  next  to  it  oil  of  Ufender)  to  the 
proper  conalst^-nce  of  oil  coloars,  and  are  laid  on  with  a  very  ine 
hair  brush.  The  es<^eotiaI  oil  should  be  Yerj  pure,  and  the  nse  of 
this,  rather  than  any  fixed  oil,  is  probably  that  the  whole  majr  era. 
poratc  completely  in  a  moderate  heat,  and  leave  no  carbonaceons 
matter  in  contact  with  the  colour  when  red  hot,  which  might  aiect 
its  degree  of  oxidation,  an'd  (hence  the  shade  of  colour  which  it  is 
intendt^  to  produce.  As  the  co.our  of  some  Titrified  metallic 
oxyds  (such  as  that  of  gold)  will  stand  only  at  a  yery  moderate 
beat,  whilst  others  wiU  bear,  and  eren  require,  a  higher  tempenu 
tore  to  be  properly  fixed,  it  forms  a  great  part  of  the  technical 
skill  of  the  arti>t  to  sii^»ply  the  different  colours  in  proper  order; 
fixing  brst  those  shatles  which  are  produced  by  the  colours  that 
will  endure  the  highest  heat,  and  finishing  with  those  that  demand 
the  lea>t  heat.  The  outline  of  the  design  is  first  traced  on  the  emu 
mel,  ground  and  burnt  in  ;  after  which,  the  parts  are  filled  Qpgra« 
dually  with  repeatfd  burnings,  to  tae  last  and  finest  touches  of  the 
tenderest  enamel. 

Transparent  enamels  are  scarcely  erer  laid  upon  any  other  me- 
tol  than  gold,  on  account  of  the  discoloration  produced  by  other 
■letals,  as»  alread)  exp  ained.  If,  however,  copper  b  the  metal 
used,  it  is  fir>t  covered  with  a  thin  enamel  coating,  over  which  gold 
leaf  is  laid  and  burnt  in.  so  that,  in  fact,  it  is  still  this  metal  that  is 
the  ba^is  of  the  ornamental  enamel.  With  regard  to  the  vast  nunu 
ber  of  important  minutiae  in  the  selection  and  order  of  applying 
Ike  colours,  the  management  of  the  fire,  &c.  &c.  almost  the  whole 
of  what  is  known  on  this  subject  is  confined  to  the  practical  artist, 
nor  could  this  knowledge,  if  obtained,  interest  the  general  reader. 

IPaniolog.  Clouet.  Kunckel^ 

SECTION   IV. 

Encaustic  painting. 

We  have  already  observed*  that  this  is  an  art  upon  which  the 
ancients  highly  prided  themselres  :  inrented  to  ^\  by  fire  the  co* 
lours  made  use  of  by  the  artist,  who  employed  wax  to  gi?e  them  a 
gloss,  and  preserve  them  from  being  injured  by  the  air. 

*  8ecfioii  I,  of  the  prettot  Chapter. 
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This  ancient  art,  after  haTing  been  long  lost,  if  as  restored  hj 
count  Cajlas,  a  member  of  the  Academy  of  Inscriptions  in  France; 
and  the  method  of  painting  in  wax  was  announced  to  the  Academy  of 
Painting  and  Belles  Letters,  in  the  year  1763  ;  though  M.  Bache* 
lier,  the  author  of  a  treatise  De  rHistoire  &  du  Secret  de  la  Pein- 
tureen  Cire^  had  actually  painted  a  picture  in  wax  in  ]740;  and 
he  was  the  first  who  communicated  to  the  public  the  method  of 
performing  the  operation  of  inustion,  which  is  the  principal  cha- 
racteristic of  the  encaustic  painting.     The  count  kept  lils  method 
a  secret  for  some  time,  contenting  himself  with  exhibiting  a  picture 
at  the  Louvre  in  1754,  representing  the  head  of  Minerva,  painted 
in  the  manner  of  the  ancients,  which  excited  the  curioaity  of  tke 
public  and  was  very  much  admired.     In  the  interval  of  aospeose, 
several  attempts  were  made  to  recover  the  ancient  method  of  paiat* 
ing.     The  first  scheme  adopted  was  that  of  melting  wax  and  Oil  of 
turpentine  together,  and  using  this  composition  as  a  vebicle  for 
mixing  and  laying  on  the  colours.     But  this  method  did  not  ex. 
plain  Pliny's  meanings  as  the  wax  is  not  burnt  in  thb  way  of  m* 
naging  it.     In  another  attempt,  which  was  much  more  agreeable 
to  the  historian's  description  of  encaustic  painting,  the  wax  was 
melted  with  strong  lixivium  of  salt  of  tartar,  and  with  thb  the  co- 
lours were  ground.     When  the  picture  was  finbhed,  it  was  gra* 
dually  presented  to  the  fire,  so  as  to  melt  the  wax ;  which  was  thii 
diflfused  through  all  the  particles  of  the  colours,  so  that  they  were 
fixed  to  the  ground,  and  secured  from  the  access  of  air  or  mobtore* 
But  the  method  of  count  Caylos  is  much  more  simple  :  the  dodi 
or  wood  which  he  designed  for  the  basis  of  his  picture  is  waxed 
over,  by  only  rubbing  it  simply  with  a  piece  of  bee8.wax;  the 
wood  or  cloth,  stretched  on  a  frame,  being  held  horizontally  over, 
or  perpendicularly  before,  a  fire,  at  such  a  distance,  that  the  wai 
might  gradually  melt,  whilst  it  is  rubbed  on,  difi'use  itself,  pene- 
trate the  body,  and  fill  the  interstices  of  the  texture  of  the  cloth, 
which,  when  cool,  is  fit  to  paint  upon  ;  but  as  water  colours,  or 
those  that  are  mixed  up  with  common  water,  will  not  adhere  to 
the  wax,  the  whole  picture  is  to  be  first  rubbed  over  with  Spanish 
chalk  or  white,  and  then  colours  are  applied  to  it;  when  the  pic- 
ture is  dry,  it  is  put  near  the  fire,  whereby  the  wax  melts  and  ab- 
sorbs all  the  colours. 

Mr.  J.  H.  Muntz,  in  a  treatise  on  this  subject,  has  proposed  se- 
reral  improvements  in  the  art  of  encaustic.     When  the  painting  b 


aad  nkkmgmmt  mBt  mmd  xoms  vror  ^vitb  mwiot  nf' 
or  ¥iiifB.««x,  til!  k  tMBTf-jn^  ^j&  m  coat  «f  vkx  cif 
Ib  fiae  XjHn  iIb  if  t^  cnihr  «9cnciflB 

a  psBHirei«iaey  tetik»«driffitiriX!)f-kikD'3«indi 
woald  picict  IW  free  aad  mrcante  i^wkiag  «f  di  _ 
tke  ssfeject  is  to  be  piiated  tm  ^kt  mmynxt^  mdit  nidi  ctdssn 
pmd  lad  tcapnvd  vitk  vaur ;  aad  v^f«  die  pktBTY  k  fanArf 
it  AHMt  be  bnwcirt  Bear  tbe  fire,  Aat  die  iru  siar  VMah  ad  £x  i^ 
f  lowi*  TUs  Bctbod,  bovcreTy  cib  oaSr  be-  ipfdM  to  i^Mk  «r 
paper,  tbiwgb  tbe  sob^ttace  of  «Ucb  liie  wix  mir  pw :  but  !■ 
wood,  itooe,  aetals  or  piaster,  tbe  forner  nefbod  of  ooaoi  Cajte 
mmU  beobscrted. 

Blr.  Moatz  bts  also  dgcofered  a  metbod  of  iorang 
paintiB^  wkb  craroos,  aod  ixiar  tbcse^  as  wtSL  as 
csplojcd  witb  tbe  penciL  Oo  tbe  aa  vaxed  ade  of  a  fiaca  dolb, 
ftrctcbcd  aad  waxed  as  before,  bj  an  erea  aad  Akk  ooat  of  tbe 
cohmr  proper  for  tbe  groond ;  bariag  pre^pired  tUs  cokwr  by 
lag  HMBO  proper  pigment  witb  aa  eqaal  qaaatitj  of  cbalk,  aad 
periag  tbeai  witb  water.  Wbea  tbe  coloar  is  drr,  briag  tbe  pic- 
tore  to  tbe  ire  tbat  tbe  wax  saj  aielt,  pass  tbroagb  tbe  dotb,  aad 
fix  tbe  groaad.  An  additional  qaantity  of  wax  mmj  be  applied  to 
tbe  bade  of  the  picture,  if  that  which  was  first  rnbbed  on  shonld 
Bot  be  safficient  for  the  bodj  of  colour ;  bot  as  tbb  Bast  be  laid 
oo  witbont  heat,  the  wax  shooKI  be  dissolved  in  oil  of  turpentine, 
aad  appfied  with  a  brush,  and  the  canras  be  again  exposed  to  tbe 
fire,  tbat  tbe  fresh  supplj  of  wax  may  pass  throogh  the  cloth,  and 
be  absorbed  by  the  colonr ;  and  thus  a  firm  and  good  bodj  will  be 
formed  for  working  on  with  the  crayon^.  If  cloth  and  paper  are 
joined  together,  the  cloth  most  be  first  fixed  to  the  straining  frame, 
and  then  the  paper  must  be  pasted  to  it  with  a  composition  of  paste 
made  with  wheaten  floor,  or  starch,  and  water,  and  about  a  twelfth 
part  of  its  weight  of  common  turpentine.  The  turpentine  must  be 
added  to  the  paste  when  it  is  almost  sufficiently  boiled,  and  the 
composition  well  stirred,  and  left  to  simmer  oter  the  fire  for  fire 
or  six  minutes ;  let  wax  be  dissolred  in  oil  of  torpc^ntine  to  the 
consistence  of  a  thin  paste  ;  and  when  the  cloth  and  pap?r  are  dry, 
let  them  be  held  near  a  fire  ;  and  with  a  brush  lay  a  coat  of  the 
iraz  and  turpentine  on  both  sides  of  the  joined  cloth  and  paper,  to 
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cncli  a  decree  of  liiickDt^fc,  iri&c  b^th  sorfaces  may  shine  ftm^ 
ont  without  aoj  ap^^t-arance  04  du  1  s:pot&.  Tben  expose  tke  dolk 
to  tlKr  fir*-  o:  to  the  hun  :  by  «b;ca  means  the  oil  will  emponl^ 
and  ihfc  «ax  become:  salid.  and  bt  m  to  rrceire  any  compoutioa if 
coluur  proper  for  a  cround,  unLh  is  10  be  laid  on  as  aboft  dL 
rected  ia  the  case  of  cloth  vitii  .>l:  ^^ap^r. 

Almost  al!  tht-  coiocrs  that  aie  u>wi  io  oiLpainting  ma/  beafal 
applied  Id  the  encaustic  mvthoJ.  Mr.  M on !z  objects^  indte<l,tt 
brovn  li^ht  pink,  and  au'uLrot  t.-rr^  di  Sienna;  because  these, ■ 
account  of  their  gomroj  or  stony  tt-xtnre,  will  not  admit  sad  1 
cohesion  miththe  wax  a»  will  pro^^try  fix  them;  but  oti»er  ciMUf 
which  cannot  be  admitted  in  oil.painiln^,  as  red  lead,  red  myii 
ment,  crys^t^ls  of  Terdicrif,  and  red  precipitite  of  mercuiy*  aif 
be  u^d  here.  I'he  crayons  a>ed  in  encaur>tic  ]iaintiiu(  are  fkl 
same  with  those  ufted  io  the  common  w^y  of  cravon  paintiog,  eb 
cepting  tho^e  that  in  their  compo^iijn  are  too  tenacious  ;  aid  tin 
method  of  usin^  th(  m  h  the  same  ia  both  cases. 

The  encaustic  paintiug  his  many  peialiar  adranta^es ;  thf^ 
the  colours  have  not  the  natural  TarDi^h  or  shining  which  thcyac* 
quire  with  oil,  thej  hare  all  the  strength  of  paintings  in  oil,  ill 
all  the  airiness  of  vater  co'ours,  uithout  partaking  01  the  appinik 
character  or  defects  of  trither ;  they  may  be  looked  at  io  anjiigkt 
and  io  any  situation,  without  any  (aUc  glare :  the  colours  arefini| 
and  will  bear  washing:  and  a  picture,  after  having  been  saMkc^ 
and  then  exposed  to  the  dew,  becomes  as  clean  as  if  it  had  bm 
but  just  painted.  It  may  also  be  retouched  at  pleasure,  wilMt 
aoy  detriment  to  the  colours  :  for  the  new  colours  will  nnitevilk 
the  old  ones,  without  spots,  as  b  the  case  in  common  six*'  paiatiigi 
Bor  is  it  necessary  to  rub  the  places  to  be  retouched  with  oil  as  ii 
oil  pictures ;  it  is  not  liable  to  crack,  and  easily  repaired,  if  it 
should  chance  to  suffer  any  injury.  The  duration  of  this  paiati^ 
is  also  a  Tery  material  advantage ;  the  colours  are  not  liable  it 
fade  and  change  ;  no  damp  can  affect  them,  nor  any  corrosiTe  sab* 
stance  injure  them  ;  nor  can  the  colour  fall  off  in  shivers  from  Ae 
cauvas.  However,  notwithstanding  all  these  and  other  advantages 
enumerated  by  the  abbe  Mazeas  and  Mr.  Muntz,  this  art  hasiot 
yet  been  much  practised.  Many  of  these  properties  belong  io  ft 
much  higher  species  of  encaustic  painting  afterwards  discovered  ib 
England,  the  colours  of  which  are  fixed  by  a  very  intense  heat; 
nor  are  the  colours  or  gronnds  on  which  they  are  laid  liable  io  be 
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dbsolved  or  corroded  by  ao j  cbemical  menstrvm ;  sor,  like  tke 
^assy  colours  of  enamel,  to  ma  o«t  of  tlie  draviiif  oa  tfce  fire. 
ThlB  method  a  described  in  tke  second  part  of  tbe  xlixtk  Tolome  of 
the  Philosophical  TraQsacti3ns,  No.  100.     Tet,   notwithstandiif 
tbeiogenaitj  of  this  comma nicatioa,  we  End  the  ancient  or  samm 
•hular  method  of  paiodog  in  wax  remained  a  desideratom  upwards 
•f  twenty-five  jears;  and  till,  in  1787,  a  method  was  conmnni. 
!   CAtcd  to  the  Society  of  Arts  by  Miss  Greenland.     The  gronnd  of 
'   ttr  Information  she  receiyed  at  Florence,  throng  the  acqnaintanoe 
'   «f  mn  amatenr  of   painting,  who  procured  her  die  satisfaction  of 
•fOBg  tome  paintings  in  the  ancient  Grecian  style,  execnted  by  sig. 
MimFirenti,  a  professor  of  that  place,  who  had  been  instructed  bj 
I  t  Jcsvit  at  Pa? ia,  the  person  who  made  the  farthest  discoTeries  in 
thai  art.    Miss  Greenland's  friend,  knowing  she  was  fond  of  paint, 
teg,  informed  her  what  were  the  materials  the  paintress  nsed,  bnt 
coald  not  tell  her  the  proportions  of  the  composition ;  howerery 
ker  anxiety  to  sacceed  in  such  an  acquisition,  she  made  Ta. 
dqperiments,  and  at  last  obtained  such  a  sufficient  knowledge 
of  te  quantities  of  the  different  ingredients  as  to  begin  and  finish 
a  pktarey  which  she  afterwards  presented  to  the  society  for  their 
tespectioo. 

Her  method  is  as  follows  :  '^  Take  an  onnce  of  white  wax,  and 
fte  Hune  weight  of  gum  roastich  powdered.  Pot  the  wax  in  a 
^axed  earthen  ri'ssel  over  a  very  slow  fire  ;  and  when  it  is  quite 
^teolved,  strew  in  the  mastich,  a  little  at  a  time,  stirring  the  wax 
COBtinually  until  the  whole  quantity  of  gum  is  perfectly  melted  and 
tecarporated  :  then  throw  the  paste  into  colJ  water,  and  when  it 
it  bard,  take  it  out  of  the  water,  wipe  it  dry,  and  beat  it  in  one  of 
Mr.  Wedgewo^d's  mortars,  obserring  to  pound  it  at  first  in  a  linen 
dotk  to  absorb  some  drops  of  water  that  will  remain  in  the  paste, 
would  prevent  the  possibility  of  reducing  it  to  a  powder,  which 
t  be  so  fine  as  to  pass  through  a  thick  gauze.  It  should  be 
poinded  in  a. cold  place,  and  but  a  little  while  at  a  time,  as  after 
long  beating  the  friction  will  in  a  degree  soften  the  wax  and  gum, 
•ad  iastead  of  their  becoming  a  powder  they  will  return  to  a  paste. 
*'  Make  strong  gum  arabic  water,  and  wheu  you  paint,  take  a 
Qttle  of  the  powder,  some  colour,  and  mix  them  together  with  the 
gam  water.  Light  colours  require  but  a  small  quantity  of  the 
pawder,  bnt  more  of  it  must  be  put  in  proportion  to  the  body  aad 
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darkness  of  the  colours  ;  and  to  black  there  should  be  almost  as 
much  of  the  powder  as  colour. 

^^  HaTing  mixed  the  colours  and  no  more  than  can  be  nSed  before 
they  grow^  dry,  paint  with  fair  water,  as  is  practised  in  paintiog 
with  water  colours,  a  ground  on  the  wood  being  first  painted  of 
some  proper  colour  prepared  in  the  same  manner  as  is  described 
for  the  picture;  walnut-tree  and  oak  are  the  sorts  of  wood  coou 
monly  made  use  of  in  Italy  for  this  purpose.  The  painting  should 
be  rery  highly  finished ;  otherwise,  when  varnished,  the  tints  will 
not  appear  unitt'd. 

^*  When  the  painting  is  quite  dry,  with  rather  a  hard  brush,  pas. 
sing  it  one  way,  yarnish  it  with  white  wax,  which  is  put  into  u 
earthen  vessel,  and  kept  melted  over  a  very  slow  fire  till  the  pic- 
ture is  varnished,  taking  great  care  that  the  wax  does  not  boil. 
Afterwards  hold  the  |  icture  before  a  fire,  near  enough  to  melt  iht 
wax,  but  not  to  make  it  run ;  and  when  the  varnish  is  eDtirelj  > 
cold  and  hard,  rub  it  gently  with  a  linen  cloth*  Should  the  var* 
nish  blister,  warm  the  picture  again  very  slowly,  and  the  babbla 
will  subside.  When  the  picture  is  dirty,  it  need  only  be  washed 
with  cold  water.*' 

The  opinion  given  by  the  society  upon  the  above  is.  The  ve* 
thod  made  use  of  by  Miss  Greenland  provides  againt  all  incoave. 
niencies  ;  and  the  brilliancy  of  the  colours  in  the  picture  painted 
by  her,  and  exhibited  to  the  society,  fully  justifies  the  opinion,  that 
the  art  of  painting  in  wax,  as  above  described,  highly  merited  the 
reward  of  a  gold  pallet  voted  to  her  on  this  occasion. 

Another  lady,  Mrs.  C.  J.  Hooker,  of  Rottingdean,  near  Brtgb. 
ton,  laid  before  the  Society  of  Arts,  in  1807,  the  following  method 
of  preparing  and  applying  a  composition  for  painting  in  imitatioa 
of  the  ancient  encaustic  painting. 

^^  Put  into  a  glazed  earthen  vessel  four  ounces  and  a  half  of  gam 
arable,  and  eight  ounces  (or  half  a  pint  wine  measure)  of  cold 
spring  water ;  when  the  gum  is  dissolved,  stir  in  seven  ounces  of 
gum-mastich,  which  has  been  washed,  dried,  picked,  and  beaten 
fine.  Set  the  earthen  vessel  containing  the  gum-water,  and  gun* 
mastich,  over  a  slow  fire,  continually  stirring  and  beating  them 
hard  with  a  spoon,  in  order  to  dissolve  the  gum-mastich :  wheft 
sufficiently  boiled,  it  will  no  longer  appear  transparent,  but  will 
become  opaque,  and  stifi*  like  a  paste.     As  soon  as  this  is  the  case^ 
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and  (be  gnnuwaler  inil  maslich  art-  quite  boiling,  without  taking 
thrm  ntl'  ihe  Tirp,  add  fite  iiun.:p9  of  wbitt-  wax,  brokt-n  into  small 
pirc't,  «lirring  and  brati'g  (he  dilTer^ia  ingrcdi^Dts  together,  till 
thf  wax  it  \Krteet\y  melted  and  lias  boiWd.  Then  take  (he  Lom- 
pnMtion  ulTlhe  firv,  as  boilini;  it  lonnier  llian  npcrssnry  would  only 
hardt-n  the  wax,  and  prevent  Iti  mixlni;  so  will  afterwantg  wijh 
watrr.  Whi^ii  thf  campusilioii  is  taken  off  thi-  hre,  and  in  the 
gUxrd  enrthrn  »essil,  it  should  be  beaten  hard,  and  whilst  hot 
(but  not  boiling)  mix  with  i(  by  degrees  a  pint  (wine  measure)  or 
sixteen  ounces  more  nf  culd  spring  water,  Ihen  strain  Iht;  cornposi. 
tion,  ns  BODie  dirt  will  boil  oat  of  the  guin.iii3s(ii.'h,  and  put  it  into 
bottles :  the  cam|iusition,  if  properly  tnude,  shonld  lie  like  a  cream, 
and  the  colunrs  when  mix<  d  with  it  .is  smooth  as  with  oil.  Th« 
method  of  using  it  is  ta  mix  with  the  composition,  upon  an  earthen 
pxletip,  such  colours  iu  powd<-r  as  are  used  in  painting  with  oil, 
and  «uch  Hquanlily  of  tlie  romposition  to  be  mixed  with  the  co« 
lonrs  as  to  render  them  uf  the  usual  consistency  of  oil  colours  ; 
then  paint  with  fair  wMer.  The  colours  when  mixed  with  the 
composition  m:iy  be  laid  on  either  thick  or  thin,  as  may  best  suit 
your  subject,  on  which  account,  this  composition  is  very  odTanta. 
gceus,  where  any  particular  trnnsparenry  of  colouring  is  required, 
but  in  most  ca<:es  it  ansivers  best,  if  the  colours  be  laid  on  thick, 
■nd  they  require  thi-  same  use  of  the  brush  as  if  painting  with  bod jr 
colonri,  and  the  same  brushes  as  used  in  oil  painting.  The  to. 
lour*,  if  grown  dry,  when  niiied  with  the  composition,  may  be 
nsed  by  putting  a  little  fair  water  over  them  ;  but  it  is  less  trouble 
to  pat  some  water  when  the  colours  are  observed  to  be  growing 
L  dry.  In  painting  with  this  composition  (he  colours  blend  without 
I  difficulty  wheo  wet,  and  even  when  dry  the  tints  may  easily  be 
Y  Bnited  by  means  of  a  brush  and  a  very  small  quantity  of  fair 
wafer.  When  the  painting  is  llriished,  put  some  while  wax  into 
aglazed  earthen  vessel  over  a  slow  fire,  aitd  when  mellcd,  but  not 
boiling,  with  a  hard  brash  cover  the  painting  with  the  wax  ;  and 
whcD  cold  take  a  moderately  hot  iron,  such  as  is  used  for  ironing 
linen,  and  so  cold  as  not  to  hiss  if  touched  with  any  thing  wet,  aud 
draw  ii  lightly  over  the  wax.  The  painting  will  appear  aa  It  under 
a  cloud  till  the  wax  h  perfectly  cold,  as  also  whatever  the  picture 
B  painted  upon  is  quite  cold  :  but  if,  when  so,  the  painting  should 
■ot  appear  sufficiently  clear,  it  may  be  held  before  the  6re,  so 
■     In  from  it  as  to  melt  the  wax  but  slowy  ;   or  the  wax  may  b* 

^ I 
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melted  by  holding  a  hot  poker  at  such  a  distance  as  to  melt  it 
gently,  especially  such  parts  of  the  picture  as  should  not  appear 
sufficiently  transparent  or  brilliant ;  for  the  oftener  heat  is  applied 
to  the  picture,  the  greater  will  be  the  transparency  and  brilliancy 
of  colourini; ;  but  the  contrary  effect  would  be  produced  if  too 
sudden  or  too  great  a  degree  of  heat  was  applied,  or  for  too  loog 
a  time,  as  it  would  draw  the  wax  too  much  to  the  surface,  and 
might  likewise  crack  the  paint.  Should  the  coat  of  wax  put  orer 
the  painting  when  finished  appear  in  any  part  uneven,  it  may  be 
remedied  by  drawing  a  moderately  hot  iron  over  it  again  as  before 
mentioned,  or  even  by  scraping  the  wax  with  a  knife  :  and  shoald 
the  wax  by  too  great  or  too  long  an  application  of  heat  form  iota 
bubbles  at  particular  places,  by  applying  a  poker  heated,  or  erea 
a  tobacco-pipe  made  hot,  the  bubbles  would  subside  ;  or  such  de- 
fects may  be  removed  by  drawing  any  thing  hard  over  the  waZ| 
which  would  close  any  small  cavities. 

^^  When  the  picture  is  cold,  rub  it  with  a  fine  linen  cloth.  Paint* 
higs  may  be  executed  in  this  manner  upon  wood  (having  first  pieces 
of  wood  let  in  behind,  across  the  grain  of  the  wood,  to  prevent  iti 
warping)  canvas,  card,  or  plaster  of  Paris.  The  plaster  of  Paris 
would  require  no  other  preparation  than  mixing  some  fine  plaster 
of  Paris  in  powder  with  cold  water  the  thickness  of  a  cream  ;  then 
put  it  on  a  looking-glass,  having  first  made  a  frame  of  bees.wax 
on  a  looking-glass  the  form  and  thickness  you  would  wish  the 
plaster  of  Paris  to  be  of,  and  when  dry  take  it  off,  and  there  will 
be  a  very  smooth  surface  to  paint  upon.  Wood  and  canvas  are 
best  covered  with  some  gray  tint  mixed  with  the  same  coropositioa 
of  gum-arabic,  gum.mastich,  and  wax,  and  of  the  same  sort  of 
colours  as  before  mentioned,  before  the  design  is  begun,  in  order 
to  cover  the  grain  of  the  wood  or  the  threads  of  the  canvas. 
Paintings  may  also  be  done  in  the  same  manner  with  only  gun. 
water  and  gum.mastich,  prepared  the  same  way  as  the  mastick 
and  wax ;  but  instead  of  putting  seven  ounces  of  mastich,  and 
when  boiling,  adding  five  ounces  of  wax,  mix  twelve  ounces 
of  gum.mastich  with  the  gum* water,  prepared  as  mentioned  in 
the  first  part  of  this  receipt:  before  it  is  put  on  the  fire,  and 
when  sufficiently  boiled  and  beaten,  and  is  a  little  cold,  stir  in  by 
degrees  twelve  ounces,  or  three  quarters  of  a  pint  (wine  measore) 
of  cold  spring  water,  and  afterwards  strain  it.  It  would  be  equally 
practicable  painting  with  wax  alone,  dissolved  in  gnm-water  in  tha 
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feUowia^  roaDtiPt.  Takp  iweWe  ounc«5,  of  thr<^  qoBrlars  of  a 
pint,  wine  nteasoTi',  of  eld  spring  water,  and  four  ounc>'«  and  \ 
balfui  e;um-arabi(- ;  pui  (hem  into  a  glazed  earthen  Te!i<°l,  sad 
when  (lit  gum  is  di««nl*'>d,  add  eight  ounrea  of  while  viai.  Pat 
Ihf  earthen  lessel  with  the  eum-ualer  and  wax  irpiin  a  slow  fire, 
and  stiT  them  (ill  the  was  is  di'X'ulved  and  haii  boilid  t  few  mi- 
ovlvs:  then  '^ke  them  olf  the  Are  and  throw  them  into  a  baion, 
as  by  reDMining  in  ir»p  hot  earthen  »es*el  Ihe  wax  would  becans 
rather  hard:  beal  the  eiint- water  and  wax  till  quite  cold.  As  there 
ia  but  a  small  proportion  of  water  in  comparison  to  th*?  quan(i(]r  of 
gnm  and  wax.  it  wo-ild  be  necessary  iu  mixing  this  coinpo'ition 
with  (he  colours,  to  put  als^  some  fair  water.  ?ihonld  the  compo. 
aition  l»e  «o  made  ai  la  occasion  thi-  ingredients  lo  se|>araTe  in  the 
bottle,  il  will  iiecome  equally  serviceable  if  thaken  before  used  to 
tnix  with  (he  coluurs. 

"  I  had  lately  an  opportuni(]r  of  discOTering  that  ihe  composi- 
tion which  had  remainisl  in  >i  bottle  since  the  year  1792,  in  whicb 
(irne  it  had  i;n>wn  dry  and  become  as  solid  a  substance  as  wax,  re. 
turned  to  a  crearo.like  coniiistpnce,  and  b-'Came  aijain  In  as  proper 
m  slate  In  mix  with  colours  as  when  it  was  first  made,  by  putting  a 
little  co'il  water  upon  it.  ami  satfeiing  it  to  remain  on  a  short 
timr.  I  also  lately  futind  somt-  of  the  mixture  coropoicd  of  only 
gam>arabic  water  and  gum-ma^tich,  of  which  I  sent  a  specimen  to 
the  Society  of  Arts  ih  1792  ;  i(  was  become  dry,  and  had  tnuch 
Ihe  appearance  and  consistency  of  horn.  I  found,  on  letting  soma 
cold  water  rrmain  over  it,  that   it  became  as  Tk  for   paiotlng  with 

when  the  composition  wa<lir-i  pri-pared." 

[C'lij/tai   Maitx.  P'inlolog.  Traatarthui  of  Ihe  Society 
of  Art*,  Commtrce,  and  Manufacluret, 

SECTION   V. 

Painting  of  Paper  Hangingi. 
TThih  are  three  methods  of  effecting  this.  The  first  by  print. 
Zta$  oa  the  colours  ;  the  second  by  using  the  stencil  i  and  the  Ihird 
by  laj  ioi;  Ihem  on  with  a  ppncil,  as  in  other  kin.ts  of  painting. 
Whin  the  colour*  are  laid  on  by  printing,  the  impressiin  is  made 
br  wooden  prints,  which  are  cut  in  such  a  manner  that  tlie  fikur* 

I  be  esprested  is  madt  to  project  from  Ihe  surface  by  cutting  away 
Ml.  »I.  2  w 
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all  the  other  part ;  and  this,  beinfl;  chari^ed  with  the  colovri  tea* 

percd  with  their  proper  Tehicley  by  lettiof;  it  geotljr  down  on  the 

block,  on  which  the  colour  is  previously  spread^  conveys  it  f 

thence  to  the  ground  of  the  paper,  on  which  it  ii«  madt*  to  fall 

forcibly  by  means  of  its  weight,  and  the  effort  of  the  arm  of  tkt 

perhon  who  uses  the  print.     It  is  easy  to  conclude  that  there  onnt 

be  as  many  se^mrate  prints  as  there  are  colours  to  be  printed.    Bel 

where  there  are  more  than  one,  great  care  must  be  taken,  after tht 

first,  to  let  the  print  fall  exactly  in  the  same  part  of  the  paper  M 

that  which  uent  before  ;  otherwise  the  figure  of  the  design  would 

be  brought  into  irri'gularity  and  confusion*     In  common  ptperef 

low  price,  it  is  usual,  therefore,  to  print  only  the  outlines,  and  bj 

on  the  rest  of  the  colours  by  stencilling,  which  both  safes  the  ei« 

pence  of  cutting  more  prints,  and  can  be  practised  by  ceiamni 

workmen,  nor  requiring  the  great  care  and  dexterity  necesBnryli 

the  using  several  prints.     The  manner  of  stencilling  the  cdoors  ii 

this  :  the  fij^ure,  which  all  the  parts  of  any  particular  colonr  Bikil 

in  the  design  to  be  painted,  is  to  be  cut  out  in  a  piece  of  thin  lea. 

ther  or  oil.cloth,  which  pieces  of  leather,  or  oil.cloth,  are  olM 

stencils  ;  and  being  laid  flat  on  the  sheets  of  paper  to  be  printtdi 

spread  on  a  table  or  floori  arc  to  be  rubbed  over  with  the  colovr, 

properly  tempered  by  means  of  a  large  brush*    The  colour  praiif 

orer  the  whole,  is  consequently  spread  on  those  parts  of  the  papw 

where  the  cloth  or  leather  is  cut  away,  and  gire  the  same  eied  se 

if  laid  on  by  a  print.    This  is  nevertheless  only  practicable  in'parii 

where  there  are  only  detached  masses  or  spots  of  colovri;  for 

where  there  are  small  continued  lines,  or  parts  (hat  run  one  iili 

another,  it  is  difiicuU  to  preserve  the  connection  or  continuity  ef 

the  parts  of  the  cloth,  or  to  keep  the  smaller  corners  close  down 

to  the  [laper  ;  and  therefore,  in  such  cases,  prints  are  prelerablCt 

Stencilling  is  indeed  a  cheaper  method  of  ridding  coarse  work  thai 

printing ;  but  without  such  extraordinary  attention  and  trouble  as 

render  it  equally  difllicult  with  printing,  it  is  far  less  beautiful  and 

exact  in  the  effect.     For  the  outline  of  the  spots  of  colour  want 

that  sharpness  and  regularity  that  are  given  by  prints,  besides  tht 

frequent  extralineatlons,  or  deviations  from  the  just  figure,  which 

happens  by  the  original  misplacing  of  the  stencils,  or  the  diiftS^g 

*  the  place  of  them  during  the  operation.     Pencilling  Is  only  used 

in  the  case  of  nicer  work,  such  as  the  better  imitationi  of  the 

India  paper.    It  is  performed  in  the  same  manner  as  other  pahit. 
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iogl  la  Witer  or  varnith.  It  l9  somelimps  utied  onljr  to  611  (he  onU 
lines  •Jreail*  furmt^d  by  priDliii;,  where  (he  j^rice  of  thr  cotonr,  or 
the  C'iftctnns  oi  the  m.innpT  in  irHich  i(  rs  required  to  be  laid  on, 
render  th«  simciilinK  or  prinlin^j  it  le^s  proper ;  at  other  liines  it  is 
vsed  for  foiuiing  ur  delin<;Jiing  some  parts  of  (he  deiign,  where 
n  spirit  of  ffeeiiom  and  »ari  (y,  not  to  be  had  printed  in  out- 
Hops,  are  desirabi'  in  (he  work.  The  paper  dtsi^aed  for  recei?« 
fug  (he  flock  is  lirst  prepared  with  a  Tsrntah.g round  witii  some 
proper  colour,  or  by  tlial  of  the  paper  itself.  It  is  frequently 
pnclifed  to  print  some  M<>'aic,  or  other  small  running  figure  m 
colours,  un  the  erntmil,  lit-fon:  the  Uitrk  be  laid  or>;  and  it  may  be 
done  with  any  pigment  of  thp  colour  desired,  tempered  with  Tar. 
nish,  and  laid  on  by  n  print  cut  correspondenlly  to  that  end.  The 
method  of  laying  on  the  Hock  is  this :  a  wooden  print  bein^  cut, 
IS  Is  aboTe  described,  for  laj  ing  on  the  colour  in  such  manner  tbat 
the  pert  of  the  design  which  is  intended  for  the  flock  may  project 
beyond  the  rest  ul  the  surfare,  the  varnish  is  put  on  a  block  coTer- 
eil  with  leather  or  oil-cloth,  and  the  print  is  to  be  used  aUo  in  the 
same  manner,  to  lay  the  Tarnish  on  all  the  parts  where  the  floclc  is 
to  be  fixed.  The  sheet,  thus  prepared  by  lb>>  varnished  impres. 
sion,  h  then  lo  he  remored  to  another  block,  or  table,  and  to  be 
■Irewed  over  with  flock,  which  is  afterwards  to  be  gently  coni- 
pressed  by  a  board,  or  some  other  flat  body,  lo  make  the  varnish 
take  (he  better  hold  of  it :  and  then  the  sheet  is  to  he  hung  on  a 
frame  till  the  varnish  be  perfectly  dry,  at  which  time  the  super, 
fluoas  part  of  Dock  is  to  be  brushed  off  by  a  soft  camel'a.hair 
brnsb,  and  the  proper  flock  will  he  found  to  adhere  in  a  very  strong' 
manner.  The  method  of  preparing  the  flock  is,  by  cutting  woollen 
ragi  or  pieces  of  cloth  with  the  hand,  by  means  of  a  large  bill  or 
chopping. knife  ;  or  by  means  of  a  machine  worked  by  a  horse- 
mill.  There  is  a  kind  of  counterfeit  Sock. paper,  which,  when 
well  managed,  has  very  much  the  same  cllect  to  the  eye  as  the  real, 
Ihonxh  done  with  less  exiM?ncc.  The  manner  of  making  this  sort 
is,  by  laying  a  ground  of  varnish  on  the  paper,  and  having  after- 
wards printed  the  design  of  the  flock  in  vurnisb,  in  the  same  man- 
ner as  for  the  true ;  instead  of  the  fluck,  some  pij^menl  or  dry 
colour,  of  the  same  hue  with  the  flock  required  by  the  desigu,  but 
toraewhat  of  a  darker  shade,  being  well  powdertrd,  is  strewed  on 
the  printed  varoiEh,  and  produces  nearly  the  »ani«  appearance. 

3  »a 
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Mr.  JohD  Middieton  lately  communicated  some  improTemeots  in 
the  prioting  of  paper-hangings,  to  the  Society  of  Arts  They  are 
intended  to  facilitate  the  conreyance  of  the  paper  orer  the  print, 
ing.  table,  and  to  gire  a  greater  pressare  than  nsnal  to  the  Uock, 
when  printing  dark  grounds* 

To  facilitate  the  conveyance  of  the  paper,  two  corda  36  fMt 
long,  are  stretched  from  the  printers  table  to  the  other  end  of  tke 
room,  through  rings,  where  they  are  kept  tight  by  a  we%bt  ap. 
pended  to  their  extremities.  The  paper  to  be  printed  is  rolled  ip 
on  a  wooden  roller  at  one  side  of  the  table,  and  its  ends  broagfct 
across  the  table,  and  fastened  between  two  flat  ledges  that  are  coiu 
nectod  at  one  end  by  an  hinge,  and  at  the  other  by  a  sliding  ring; 
these  ledges  slide  along  the  two  cords  on  puUies  placed  at  each  ead 
of  them,  and  serre  to  draw  forward  the  paper  as  it  is  printed ;  frott 
the  middle  of  thi  se  ledges  a  cord  proceeds  to  the  end  of  the  fooa, 
between  the  other  two  cords,  where  it  passes  OTer  a  pulley,  ani 
thence  returns  to  a  roll«'r  under  the  table ;  the  circle  of  this  foDer 
extends  beyond  the  table,  and  there  has  a  wheel  fastened  to  tt| 
from  which  projects  three  pins,  each  about  four  inches  long,  hf 
pressing  on  which  with  the  foot,  the  wheel  is  turned  Toand|  sal 
with  it  the  roller ;  by  means  of  which,  the  paper  is  drawn  forwaid 
on  the  cords  a  space  corresponding  to  the  distance  betwenttl 
pins  in  the  wheel. 

The  contrifance  for  giving  an  extraordinary  pressure  to  the  VMkf 
consists  of  a  long  and  a  short  lerer,  projecting  from  one  side  of  M 
axle,  placed  over  head,  above  the  printers*  table,  whidi  levers  aad 
the  matters  supported  by  them,  are  balanced  by  a  weight  appeadsi 
to  an  arm  which  proceeds  from  the  other  side  of  the  axle;  fiw 
the  long  lever  a  cord  falls  to  the  ground,  where  a  treadle  is  attack 
ed  to  it :  a  long  pole  is  jointed  to  the  end  of  the  short  lever,  aai 
descends  from  it  directly  over  the  place  of  the  block,  on  which  It 
li  made  to  press,  by  standing  on  the  treadle  ^whenever  it  is  thoi^ 
proper,  and  is  put  out  of  the  way  when  not  wanted,  b/  pladi^ 
the  end  of  it  behind  a  piece  of  wood,  which  projects  upwards  fisM 
the  back  of  the  table  for  that  purpose. 
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CaUrv-primlimg. 
This  isgMiiefu  art  coomti  la  djring  tMk  witk  certu  c«l««n 
aad  igvrt4  npon  ■  cto^mI  of  •  dittrreal  hoc ;  the  coloart,  wIimi 
ttcy  wtll  MM  lake  bold  of  ibr  t)»tb  reariitf,  being  fiied  to  ibeai  bj 
■(■■f  of  inlrnDrdci.  oi  inor(l>Dl»,  •«  tbej  were  fertDMl}' called^ 
COBstitating  DiartriaU  Uial  barr  a  c4t<.tDica1  t^ttity  or  altraclMi for 
bott  the  mlemls  thai  form  Iht  colour,  aad  ibe  clolh  to  which  (be 
cokwr  is  lo  be  appltrd.  It  «aj  Iwng  a^  sopposc^  thai  thrtr  inter. 
■Mdn  corrodnl  their  wa/  into  the  inleriur  of  Ihp  ttoth,  and 
carried  lUe  colottring  mattpr  alon;  with  (hfm,  and  it  wu  on  tbit 
■ccoant  tWf  me.r  called  mordantt ;  but  since  (b«  science  of  cbr. 
■btry  faa)  b*f>a  b^trr  studied  and  auderttood,  it  ba«  been  so£« 
ckniljr  asnrlained,  ibat  thej  only  act  or  hold  the  dve  and  tb« 
doth  tugeiher,  by  a  mnlnal  iffinily  or  allractioo, 

Tbr  Riorclanl  Khich  is  prinnpally  usfd  in  fbe  gpneral  process  'a 
m,  prrparaiion  of  al'im,  callt^  in  the  new  Domenclalure  acetate  of 
argil.  It  i«  prepared  by  dissolving  3ll>s.  of  alum  and  lib.  of  ace. 
late  of  lead  in  Slbi  of  wami  water.  An  exchange  of  the  prtni*!. 
pirs  of  the«e  S.iits  lakes  ptsce:  the  sulphuric  acid  of  the  alum 
COSibines  wrih  Ihe  oiide  of  lead,  and  the  compound  thus  Conned 
being  insoluble,  is  precipitated,  the  acetic  arid  retD4Jos  united 
with  the  argil  of  the  alom  in  solution.  There  are  added  at  tbc 
Mine  time  two  ounces  of  Ibe  potash  of  commerce,  and  Iho  ounces 
ef  dldk  ;  the  principal  a^e  of  which  a))p<ar«  Iw  be.  lo  neulraliie 
fbe  etcesi  of  arid  that  might  act  on  the  colouting  tnalter  and  ^(er 
Usaliade. 

Tbe  superiorilf  of  ihis  acetate  of  ar.gi(  as  ■  ainrilanl  to  tb« 
cbeaper  inlphat  of  argil  or  alum,  arises  piinctpally  from  two  cir> 
cnipMaooet ;  from  the  aifinitf  between  its  principles  being  weaker^ 
in  c«i»equence  of  which,  the  argil  more  easily  separates  from  the 
acid,  and  unites  witb  the  ololh  and  tbe  colouring  mailer  ;  and, 
Sdlj,  from  the  srelic  acid  disengaged  In  the  process  nut  aciing  with 
tbe  satne  force  un  the  colouring  mdtler  as  the  sulphuric  acid  wuutd 
do.  The  acetate  beiu^i  also  vrry  soluble,  and  having  Utll«  ten. 
denejr  lo  crystalliEe,  can  be  more  equally  mixed  and  applied.  The 
diacoTi  ry  of  this  mordant,  so  esseutial  in  tlie  art  of  calico. printing, 
waa  altogether  acciJenlal,  or  rather  empirical.     The  recipes  of  the 

L  calico-printers  were  at  one  time  very  complicated  :  different  artt. 
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cles  were  from  time  to  time  omitted  or  chauged,  ODtil  at  lengtli  tiie 
simple  mixture  of  alam  and  acetate  of  lead  was  foond  to  answer 
as  a  mordant,  equally  with  compositions  more  complicated. 

After  the  mordants  hare  been  applied,  the  cloth  mnal  be  ODOh 
pletely  dried*  It  is  rroper  for  this  purpose  to  employ  artificial 
heat,  which  will  contribute  something  towards  the  separatioaaf 
the  acetous  acid  from  its  base,  and  towards  iu  evaporatioBi  tf 
which  the  mordant  will  combine  in  a  greater  proportion,  and 
intimately  with  the  cloth. 

When  the  cloth  is  suiRciontly  dried,  it  is  to  be  washed  widi 
water  and  covr.dung,  till  all  the  flour,  or  gum,  employed  to  thidui 
the  mordants,  and  all  those  parts  of  the  mordants  which  are  IB» 
combined  with  the  cloth,  are  removed.  The  cow.dong  series  If 
entangle  these  loose  parts  of  the  mordants,  and  to  prevent  thm 
from  combining  with  those  parts  of  the  cloth  which  are  to  reaais 
white.     After  this,  the  cloth  is  thoroughly  rinsed  in  clean  wattr. 

Almost  the  only  dye.8tuffs  employed  by  calico-printers  ait  ia- 
digo,  madder,  and  quercitron  bark,  or  weld.  This  last  tnbttaaci| 
however,  is  but  little  used  by  the  printers  of  thi.s  country,  excipt 
for  delicate  greenish  yellows.  Thi*  quercitron  bark  has  alasit 
superseded  it,  berau8<-  it  t^ives  colours  eqnally  good,  and  is  anck 
cheaper  and  more  convenient,  not  requiring  so  great  a  heat  to  is 
it.  Indigo,  not  requiring  any  mordant,  is  commonly  appBsdst 
once,  either  with  a  block  or  a  pencil.  It  is  prepared  by  boilim 
together  indigo  and  potash  made  ca.stic  by  quick  lime,  aodeifi* 
ment ;  the  solution  is  afterwards  thickened  with  gum.  It  mnt  It 
carefully  secluded  from  the  air,  otherwise  the  indigo  would  Mii 
be  regenerated,  which  would  render  the  solution  useleai.  Dr. 
Bancroft  has  proposed  to  substitute  coarse  brown  sugar  for  orpi* 
ment :  it  is  eqnally  efficacious  in  decomposing  the  iqdifo,  woi 
rendering  it  soluble  ;  while  it  likewise  serves  all  the  pnrpeies  «f 

gum. 

Let  us  now  give  an  eiample  or  two  of  the  manner  in  which  the 
printers  give  particular  colours  to  calicoes.  Some  calicoes  tit 
only  printed  of  one  colour,  others  have  two,  othera  three  or  mon^ 
even  to  the  number  of  eight,  ten,  or  twelve.  The  smaller  the 
number  of  colours,  the  fewer  in  general  are  the  processes. 

1 .  One  of  the  most  common  colours  on  cotton  prints  is  a  kia^ 
of  nankeen  yellow,  of  various  shades  down  to  a  deep  yellowiik 
brown,  or  drab.    It  b  usually  io  stripes  or  spots.    To  prodace  it, 
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Ike  prlnten  begifiir  a  bUck,  nc  mu  mem  :^  %xr 

wkk  ac^vic  of  iroo,  ^btckcacd  vifk  £n  ir  iuar  z  xml  vsij  iC 

to  tli^  f  ottos,  wkic^  after  Wiag  4ri«4  jod 

■aaaer,  is  plunffrd  iato  a  pacaaa  kj.    TW 

ivaa  is  al«rays  pro|«rtioscd  ta  tli»  dcfck  ci' 

jrtUov,  Ike  b!«ck  is  htsmtmmi  vitl  ac)e«aa 

Ciotk,  after  re^eivin.  tk-^  MorJaac,  ■  i;^i  «X2 

aal  tken  bicarked.    3.  Urd  :s  fiiirfiT  ^5 

oalj  Badder  is  sobstitatnl  lor  tkft  bark.     4-  I^ 

vkick  appear  so  oft**  oa  t-iialii!  catfaaa,  arv  pffaA^:^  tr  *^7* 

iig  to  Ike  dotk  a  block  b^5BMOf«d  vitk  a 

povtij  of  wax,  obick  coren  aU  tkaac 

Id  KBanwUte.    Tbe  ck>ik  is  tkro  dIM  ■  a 

lAar  k  is  dij,  tht  vai  roapodirjoa  ii 

lilac,  ica  browa,  and  bUckiik  bcovm, 

lite  of  ifOB :  Um-  qaantitj  of  vkkk  is  a^vajs 

dfplk  of  the  shade.     For  w*:wj  deep 

oMed.     Tke^colioo  is  aiteroards  dj«d  io  eke 

lijpr,  and  tb^a  bl^^btd.     G.  I>gf t  cokiof  aod 

of  iffoo  and  qaercitroD  birk. 

Wkco  difiereot  coloar^  are  to  appear  io  the  saae  priot,  a  ^rcatar 
■■■hff  of  operatioos  are  aeofOMiy.  Two  or  sore  bforkj  ar* 
oomdofod,  apoD  eack  of  okick  tkai  parf  of  tskt  priac  amlj  n  csiL, 
whkk  is  to  be  of  some  particalir  cokwr.  I'taHo  are  h/ameu^ 
wilfc  dillereot  mordaots,  aod  applied  to  tke  ciata,  okick  is  aflar- 
onopds  died  as  u^aal. 

Mr.  Heary  ktiiiJeslaj  has  a  paleat  press  lor  caiifo  4010110^ : 
tt  is  described  id  No.  54,  Rep.  of  Arts,  N.  S.,  aod  Ko.  7,  fUtro- 
^pactof  Disooreries. 

Io  the  towns  of  Maochester,  Gloigow,  Pkislcj,  4c  auaj  tkoo- 
iaods  of  iodostrioas  hands  are  employed  in  Ike  nHwafactare  of  tkis 
articie;  which,  according  to  its  didereot  degrets  of  ioencss,  is  sold 
froai  Od.  to  6s.  and  upwards  a  jard. 

Cotton  cloth  is  an  intermediate  tobstance  betweeo  that  made  of 
lax  and  animal  wool ;  bnt  by  no  means  deserves  to  be  commended 
aa  a  substitute  for  flannel,  next  the  skia.  Calico  imbibes  and  re« 
laies  the  perspired  humours,  nnless  it  be  as  frequently  changed  as 
lioea  I  while  flannel  admits  a  free  eraporation  through  its  nuM* 
foot  pores. 

[Bancroft.  Ckapial.  Gregory.  Nicholson. 
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SECTION   VII. 

Engraving. 

This  cnrioiis  and  valuable  art  is  for  the  most  part  of  moderti 
Inf  ention,  faaying  its  rise  no  earlier  than  the  middle  of  the  fifteentk 
century.  The  ancients,  indeed,  practised  engraring  od  precioui 
stones  and  crystals  with  Tery  good  success;  and  there  are  itill 
many  of  their  works  remaining  equal  to  any  production  ofthe  later 
a^es.  But  the  art  of  engraTiug  on  plates  and  blocks  of  wood,  io 
afford  prints  or  impressions,  was  not  known  till  after  the  iotentioB 
of  painting  in  oil.  Of  these  last,  the  most  ancient  mode  is  thatM 
wood,  the  first  impressions  on  paper  ha?ing  been  taken  from  carfcd 
wooden  blocks.  For  this  invention  we  are  indebted  to  the  bfief» 
maUrh.  or  makers  uf  pla\  ing  cards,  who  practised  the  art  In  6c^ 
many  about  thi-  hc^iining  of  the  fifteenth  century.  Frooi  the 
same  source  may  perhaps  be  traced  the  first  idea  of  moveable  tjpei, 
which  appeared  nut  long  after;  for  these  brief.malers  did  notea* 
tirely  confine  themselves  to  the  printing  and  painting  of  cards,  bat 
produced  also  subjects  of  a  more  devout  nature;  many  of  whidi, 
tak-n  from  holy  writ,  are  still  preserved  in  German  libraries, wHh 
the  explanatory  text  facing  the  figures,  the  whole  engraved  io  wood. 
Thus  a  species  of  books  was  formed  ;  such  as,  Historia  Saocti  Jo> 
hannis,  ejusque  Visiones  Apocalypticae;  Historia  Veterts  et  Noti 
Testameiui.  known  by  the  name  of  the  Poor  Man*8  Bible.  These 
short  mementos  were  priuted  only  on  one  side  ;  and  two  of  thfB 
being  pasted  together,  had  the  appearance  of  a  single  leaf.  Tbe 
earliest  date  on  any  of  these  wooden  cuts  in  1423.  The  sabject 
is  St.  Christopher  carrying  the  i<ifant  Jesus  over  the  sea,  pre. 
served  in  a  convent  at  Buxheim  near  Menningen.  It  is  of  a  folio 
size,  illuminated  in  the  same  manner  as  tlie  playing  cardi ;  and  tt 
the  bottom  is  this  inscription,    * 

*'  Cristoferi  faciem  die  quacunque  tueris. 
'Ilia  nempe  die  morte  mala  iioo  morieris* 
Millesimo  CCCC*  XX°  tertio." 

Upon  the  invention  of  moveable  types  that  branch  of  the  brief* 
malers  business,  so  far  as  it  regarded  the  making  of  books,  wii 
gradually  discontinued :  but  the  art  itself  of  eni^raving  on  wood 
continued  ia  an  improving  state ;  and  towards  the  end  of  the  fif- 
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te«nlb  centiiry  and  Ae  beginning  of  the  tixtKoth  wntiir)'.  it  ht. 

cam*  I-  isluniary  lor   aloKist  ererj  oae  of  Ibe  GrnBaii  MtgrsTcn  i 

on  cot'p"  lo  e>igr*ve  on  wood  also.     Tfap  works  of  Altwrt  Dnm'  I 

in  this  tiylf  uf  engraTiog  are  jnsity  h«ld  ia  the  kiKbest  «fle«n. 

Italv,  France,  and  MuUand,  bare  producetl  Munj  capital  arlbtf  of 

this  kind  ;   but  for  boldness  and  spirit  we  Buat  ser  the  prJot>  of 

CbrUlopber  Jegbrr,  who  Morked  under  the  direction  of  Rubeu, 

and   wa>  (tithuut  doubt  assisl^d  br  ibat  great  mwtrr.     The  ia. 

V«n(loii  of  ib^t  aprcift  of  engraTing  disiinguiih«d  bjr  tb^  appHls* 

tion  of  chtiiro.tcuro,  feemi  al»o  to  bejnsti;  claimed  bf  the  G*r> 

mans,  and   lirst  pr4i;lited   bj  Mair;  one  of  ifho>e   prints  of  lUt 

kind  h  dated  I4S9.      Mao/   -icellent  works   in   tbiiro  tcora  hare 

been  produo-d  in   France :  and  in  lul;  it  wat  hooonred  with  the 

perform  locps    of    Titian    and    farmegiaao ;    but  (he  atletnpts   of 

Jack'on,   Kirkall,  anH   others   in    Koalaod,   ha(r  not  bern  iK- 

cessfui,     A   set  of  excellent  prints   in   l&ii  way   ha<e   UXelf  bera 

pQblitthed  b)'  J.  Skippe,  esq.  a  conttoiitcnr  and  dilleltanle.     fa 

Germany,  about  A.  D    1460,    prints  frum  engrarej  coppvr  first 

made  Ihrir  appearance.     The  earliest  dale   of  a  roppriplate  print 

is  indeed  only  1461  ;   but   howeTei    fatiliy  ilii!>   print  may  be  with 

respect  to  the  drawing,  or  defe  tire  in  point  of   taste,  the  mecha- 

«ical  partuf  the  ^xi-iruiiaa  of  it  tin   by  no  means  th<^  appearance 

of  being  one  of  the  first  prodoclions  of  the  graier.      Wr  hane  also 

K««ral  other  engravings  evidently  tbr  work  of  lfa«  same  master ; 

In  which  the  imprtssions  are  so  neally  lak>-n  from    the  plali-s.  and 

the  engraritigs  so  clearly  printed  in  t  very  part,   that   stcording  to 

all  appearance,  they  coold  not  b^  •  seculfd  in  a  murh  li^-rter  man* 

ner  in  the  present  day,  iriih  all  the  convroiencie.  which  the  cop. 

perptate  printers  now  possess,  and    the  addilional  knowledge  thry 

must  necessarily  have  acquired  in   the  coutx-    nf  more  than  ibrea 

centuries.      Hence  we  may  fairly  eoncloile,  that   if  they  were  not 

tbe  first  specimens oF  the  en^ravpr's  workmaiisnip,  thfy  wire  much 

less    the   first   eflbrti   of  the  rop^erplale    printer's   ability.      It   Is 

likewise  to  b«  observed,   that  Martin  Shoen.  who  ■«  said  lo  have        ^^^M 

worked  Iruro  1410  to  1480,  was  appirentty  the  Bchular  of  Stoltz.         ^|H 

hirs  ;   for  be  followed  his  s'yl<-  of  entcravine,  and  copied  from  him        ^^^H 

asetof  iirints,  representing  the  passion  of  ojr  Saviour.     Now,         ^^^^ 

allowing   Sloltihirs   lu   have  precfded  bis  di<rip|e  only   ten  years, 

Ibis  carries   the  era  of  the  art  back  to   I  4.->U.  as  was  said  above.  . 

t:  is  no  ground  to  suppose  that  it  was  known  lo  Ihu  luliani  ^^H 
J 
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till  at  least  ten  years  afterwards*  The  earliest  prints  tbat  ait 
known  to  be  theirs  are  a  set  of  tiie  seren  planets,  and  aa  alssamc 
bj  way  of  frontispiece;  on  which  are  directions  for  fiadfog  Easier 
from  1405  to  1517  inclusiTe  :  and  we  may  be  assured  that  the  en* 
grartngs  were  not  antedated,  as  the  almanac  would  have  tbus  beca 
lessvaluable.  Those  prints  must  therefore  have  bcmi  eiACUtedia 
1464,  which  is  only  four  years  later  than  the  Italians  claioi*  Tht 
three  earliest  Italian  engravers  are  Finiguerra,  Botieelli,  and  BaL 
dini.  If  we  are  to  refer  th'se  prints  to  any  of  the  three,  we  shsU 
naturally  conclude  them  to  be  the  work  of  Finignerra  or  Daidjal; 
for  they  are  not  eqml  cither  in  drawing  or  compositioD  to  thoM 
ascribed  to  Boticelli,  which  we  know  at  least  were  designed  ky 
him ;  and  is  Baldini  is  oxpreesly  said  to  bafe  worked  from  tlie4c« 
signs  of  Boticelli,  it  will  appear  most  probable  that  they  beloiig  ts 
Finiguerra.  With  respect  to  the  invention  of  etchlngi  it  seeasio 
be  not  well  known  to  whom  it  is  to  be  ascribed.  One  of  tkeaMft 
early  specimens  is  the  print  by  Albert  Durer,  known  by  the  nrns 
of  the  Cannon,  dated  1518,  and  thought  by  some,  with  little  Ibaa. 
dataon,  to  have  been  worked  on  a  plat«f  of  iron.  Another  ctdaag 
by  the  same  artist  is  Moses  receiving  the  tables  of  the  law.  dstid 
1534*  It  was  also  practised  in  Italy  soon  after  tUs  by  Pisnat- 
giano,  in  whose  etchings  we  discover  the  hand  of  the  artist  woik* 
ing  out  a  system  as  it  were  from  his  own  imagination,  and  stiifiBg 
to  produce  the  forms  he  wanted  to  express.  We  see  the  diflcaltj 
he  laboured  under,  and  cannot  doubt,  from  the  ezaminatioB  of  tbs 
mechanical  pirt  of  the  execution  of  his  works,  that  he  had  noia- 
struction  ;  and  that  it  was  something  entirely  new  to  htn.  If  the 
story  is  true,  that  he  kept  an  engraver  by  profession  in  hitlMwsr, 
the  novelty  of  the  art  is  rendered  so  much  the  more  probable*  He 
died  in  1640.  As  to  that  species  of  engraving  in  which  the  modes 
of  etching  and  cutting  with  the  graver  are  united,  it  mnst  hare  beeo 
found  necessary  immediately  upon  the  invention  of  etching  ;  It  wsi, 
however,  first  carried  to  perfection  by  G.  Andran,  and  is  now  si- 
most  universally  practised,  whether  the  work  is  in  strokes  or  in 
dots.  Engraving  in  dots,  the  present  fabhionable  method,  b  a  vetj 
old  invention,  and  the  only  mode  discovered  by  the  Italians.  Agos* 
tino  de  Musis,  commonly  called  Augustine  of  Venice,  a  pnpO  of 
Marc  Antonjo,  used  it  in  several  of  his  earlie.^t  works,  bnt  confoed 
it  to  the  flesh,  as  in  the  undated  print  of  an  old  man  seated  opoa  • 
bank,  with  a  cottage  in  the  back  ground.    He  flonriahed  from  IS09 
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lS96.     We  ako  find  ir  in  a  priU  ot  m  dn^le  figare  tUndiag, 

L-felditu  ■  cvp  *nd  IjoIuk^   apward*,  bj  Giulio  CaRi]ui£i)oU,  mko 

•ngnTed  kbow-  iJi^  je.t  1516.     The  back  nr^and  u  n-  cat-.)  virk 

roand  d»i«.  otsde  ■|)par<  mly  ailh  a  drv  ^iv<   l    Tw  i.mn  b  o«t. 

UnMl  with  a  <:'r>kp  Art^lj  engnwiid,  ntd  Ci>>»tied  wiih  dwu,  in  a 

awna#T  gT^Mly  t-*rnib'>n^  ih<K«  prinn  whkli  Dn»irtF4a  cngrafcd 

M  Pari>in  iaiitii>unof  red  <halk-    Tbe  haii  »td  b*«rd  aK^xi^n^. 

Wd  by  ■lrok««.    St<^hFn   de  Lanln*-.  ■  aiLite  of  Grrmaaf,  M, 

.  Ivwrd  lb«  iirpf  of  Campagvoli     and  Dinj'  of  kit  tlight  wotiti  ai« 

u-irutni  in  doti  only.    Johu  it^aian§tr.  a  Krcnch  artitt,  mho  t«9- 

[hf  rriddic  of  tbe  last  M-ntaiy,  and  hii  oonlmpofarT  NL 

n  Plattpnbrr^.  inproTMlgTrjrl}  on  tiu(ne<h»d.  andptsc. 

I   it  vith  taarh  sufCM*.      It   a  oal;,  k-ivtrTcr,  of  latr,  tii*(  it 

d  be<-n  ronsidert-d  as  an  ot^ect  vortfay  of  ^rnvnU  initalioa.  Jolia 

^Awtan  osfcultd  Ibi*   kind  of  work  vitk  a  kxmaer  ind  a  MmD 

pttDcl  nr  cbiwi.     En^raiin^  in  s-uatinio  mat  invrnftd  aboni  tke 

■tiddlc  ot  tbe  mFntmnlk  cralar;  ;   and  tbi-  inrcnUon  bat  grae. 

(■Ujr   b^n   altribnted   o   pr.oce    Rape>(.     Enfrafinc   in   aqu. 

is  iiuile  n  rrccnl  invtni  wo,  an  1   M-ras  at  oac«  to  kave  been 

1  to  prrfrction  by  ^«n<?by,  mo*  o(b>T  artHb  of  Ike  prMrnt 

EMtnvii^    ntih   lb*  toul   «ni   tke   kind   ori^ina  ly   pnc. 

Bod  k  i>  yet   iwtniBi-d   for  many    parpow*.     For  tbcKigli 

(  be  mor*  enty,  and  olkrr  ai^antAfi^  an.od  tl ;  y^^  nkc-re 

1  r^cntarity  and  *»«rti»»*»  of  the  i.t>okc  ur  lin.  t  are  rrqwred, 

W«rkin<  «ith  iW  jtaver  u   much   wurc  rflrftnal:  on  vbkfe 

1   nnm   taitabk   to  IW   pr'oai'in  nvcrviaij  in   the 

itinn  of   pnriraiU;    at   Ibire  rT<r*  <'•■>■<  lk»  moat   ninMe 

It  4ad  t-tptv-^td  *'  -ordinx  to  the  ori^nal  tnb. 

,  witkoal  any  tkenf*   to  lb*'  fwir  of  ikedMignnr  in  d*-rial. 

g  EroB  it,  or  * irjing  Ike  rilect  tiikrr  oy  that  Maateriy  m^ligmcc 

i  rinplidly  in  mmp  part*,  or  fbov  botd  alUn  of  the  imagi* 

n  otben,  wkicb  pre  tfitit  and  force  to  Uitory 

ll  eOigraiingi  for  ih*  pott  folio  and  famitare  lemnl  at 

I  le  •drance  rapidly  io*<rd(   {wrfrctiod,   lu  obieh  the 

I  BoydcU  latrly  coniribut*d  ;  bai  tke  ^aik  of  -tronga, 

I  WoolM,  have  bem  al»ott  bat  to  Ukr  bo|«*  oflbcaaa. 

n  a  grrat  ntcaanr*,  apon  Hcatb,  Siiarp,  Brmmi^f 

i  ft  few  ntken,  h  in  tk»  {iajtknUi  initnncn  ve  do  oat 
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tiiose  emiDent  foreigners  who  haTe,  or  do  at  present 
EnglaDd.  Whaterer  deficiencies  we  may  discover  in  the  prosecv- 
tion  of  the  arts  in  this  country,  is  fortunately  not  to  be  attributed 
to  want  of  genius,  or  relaxation  from  study  in  the  artist ;  the  chill 
of  apathy  in  the  rich,  who  view  a  wretched  coloured  aquatint  with 
the  same  or  more  pleasure  than  the  most  laboured  production  of  the 
gra?er,  is  the  baleful  cause  of  the  languishing  state  of  historical  ou 
graving.  When  persons  capable  of  alfording  patronage  are  taught 
discrimination,  future  Woollets  will  fascinate  the  best  judges  of 
engraving.  We  have,  however,  some  very  fine  engravers,  In  diL 
ferent  departments,  among  whom  it  would  be  unjust  not  to  spedfj 
the  names  of  Milton,  Scott,  Lowry,  and  Mrs.  Griffiths. 

[  VViUpole.  Phil.  Trans.  PamtoL 

A  very  ingenious  process  has  of  late  years  been  employed  on 
the  continent  to  answer  at  the  same  time  both  the  purposes  of  de- 
signing and  engraving ;  or,  in  other  words,  to  produce  an  engraviog 
by  the  art  of  designing.  This  art  or  process  is  called  liihographjf 
or  stone- engraving :  and  among  the  German  artbts,  who  have 
recourse  to  it,  chemische  druckery^  or  chemical  printing.  Fnm 
Germany  it  has  spread  into  our  own  country ,  and  still  mure  latel/ 
into  France  and  Italy.  It  consists  in  being  first  provided  with  a 
few  small  blocks  of  marble,  about  the  size  of  Dutch  tiles,  or  largely 
according  to  the  intended  dimensions  of  the  print ;  the  tlucknen 
should  be  about  two  inches*  The  landscape,  or  other  subject, 
is  then  to  be  traced  over  with  a  pencil ;  and  the  pencil  lines  to  be 
afterwards  at  leisure  retraced  with  a  particular  ink  which  was  at 
first  a  great  secret.  It  is  now,  however,  known  to  consist  of  a  89- 
lution  of  lae  in  potash,  coloured  black  by  soot  from  burning  wax* 
When  the  design  has  been  gone  over  with  this  ink,  it  is  left  to  dry, 
which  commonly  takes  about  two  hours,  though  this  will  depend 
upon  the  temperature  and  dryness  of  the  atmosphere.  The  face  of 
the  marble  being,  after  this  process,  washed  with  nitric  acid  more 
or  less  diluted  according  to  the  degree  of  relief  desired,  the  whole 
surface  will  be  corroded  except  where  defended  by  the  resinoos 
ink.  The  operation  is  now  completed,  and  to  obtain  printed  co* 
pies  nothing  more  is  necessary  than  to  wash  the  marble  clean  ;  to 
distribute  over  .it,  by  means  of  printers*  balls,  an  Ink  similar  to 
that  commonly  used  by  printers ;  and  to  press  down  npon  the  dt« 
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iign,  b/  a  copper  roller  or  copper-pUte  preis,  ft  sheet  of  paper  pro- 
perly disposed  in  a  frame. 

A  few  of  sQch  marble  tiles  or  blocks  are  now  freqaently  taken 
bjr  travel  lers  th rough  pictur^sqae  sceoerj,  who  produce  at  oae  aod 
tho  same  time  the  drawing  aod  the  eo^raTiof,  aod  tbe  latter  witk 
.far  more  correctness  to  the  former  (ban  cao  possibly  be  obtained  bj 
capjing,  Aod  as  soou  as  a  sotficit-nt  Damber  of  prints  have  been 
•tmck  off,  nothing  more  is  necessary  than  to  replaoe  and  repolisb 
tbe  marble  tiles,  when  they  will  be  immedtately  ready  for  otber 
rnbjecti.  A  particular  aeconnt  of  this  process,  drawn  op  by  M* 
Maroel  de  Serres,  will  be  found  in  tbe  Annates  de  Cbemie,  toL 
InU. 

m 
I 

SECTTOM  ¥111. 

Sculpimre, 

fiwoEATiiiG  if  occasionally  called  working  em  creux^  t colptniw 
working  in  relievo  :  yet  in  its  most  coroprehensiTe  range  tbe  word 
•enlptnre  has  be«n  applied  to  both  these. 

Tbe  studies  necessary  for  the  young  sculptor,  towards  the  attain* 
vent  of  his  art,  are  so  similar  to  those  which  form  the  painter  (with 
thn  obf  ious  exceptions  arising  from  the  dillerence  of  materials  em- 
ployed  in  the  two  arts),  that  very  little  remains  here  to  be  enlarged 
on^  under  the  head  of  studies.  The  principal  acquisitions  to  which 
the  student  must  direct  his  eiidearoors  are,  a  knowledge  of  compo- 
rition,  form  (including  anaforry),  and  expression ;  to  which,  as  in 
paintibg,  mnst  be  added  the  difficult  study  of  grace* 

The  method  of  study  most  recommended  to  yoong  sculptors  Is^ 
to  begin  with  copying,  and  to  end  with  rtralliog,  the  forms  of  the 
Greek  statues. 


^<  Voa  exeapteria  Graeca 


Noctami  ?ersatenaan»  Tersate  dinmi;'' 

■171  Dn  Fretnoy :  nor  can  it  be  qaestioned  that  the  sculptors  tre, 
generally  speaking,  the  safest  guides  io  the  ttf^y  of  natnre*  But 
it  should  not  paM  unnoticed,  that  although  the  forms  of  the  Greek 
aenlptore  are.  In  general,  not  only  more  beanlffol,  bttt  mof  appfe. 
priirfely  so  than  any  other;  yet  In  mm  biflaMei  tbej  here  boen 
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surpassed  by  modern  scolptors,  ib  in  the  fomM  of  infimta  by  T]gu 
miii^o. 

Thr  method  of  execution  in  the  Greek  statues  and  otter  works 
of  sculpture,  seeois  to  hnve  been  extremely  ditlereot  from  tiMt 
which  is  gr-nerally  in  us«'  among  modern  artists.  In  the  ancieat 
statuts,  we  trequently  find  striking  proofs  of  the  freedom  and 
boldness  that  accompanied  each  stroke  of  the  chisel^  and  whkh  ra« 
sulti-d  from  the  artist's  bein*;  perfectly  sore  of  the  accaracy  of  tba 
method  which  he  pursued.  Fsirn  in  the  most  minute  parts  of  tha 
fii^urf".  no  indication  o'  ti mo rousnesb  or  diffidence  appears :  nothing 
that  can  induce  us  io  bdiefe,  that  the  artist  feared  he  might  bare 
occa'^itm  to  correct  his  strokes.  It  is  difficult  to  find,  e?en  in  tie 
second-rate  productions  of  the  Grecian  artists,  any  marks  of  a  falsa 
or  a  random  touch.  This  firmness  and  precision  of  the  Grecian 
chisel  were  certainly  derired  from  a  more  determined  and  perfect 
set  of  rules,  than  thosn  of  vihich  we  are  masters. 

Besides  sttid)ing,  then  fore,  in  the  productions  of  the  Greciu 
masters,  their  choice  and  expression  of  select  nature,  whether 
beautiful,  sublime,  or  graceful,  together  with  that  sedate  graodeer 
and  simplicity  which  perr.ide  all  their  works,  the  artist  will  dowA 
to  investigate  the  manual  and  mechanical  part  of  their  opcratfoBSj 
as  they  may  lead  to  the  perception  of  their  mode  of  progress. 

As  soon  as  the  artist  has  rendered  himself  fhmiliarly  acquainted 
with  the  biauties  of  the  Grecian  statues,  and  formed  his  taste  on 
the  admirable  models  they  exhibit,  he  may  then  proceed  witk  ad- 
vantage  and  assurance  to  the  imitation  of  nature.  The  ideas  he 
has  already  formed*of  the  perfection  of  nature,  liy  observing  her 
dispersed  beauties  combined  and  collected  in  the  composition  of 
the  ancient  artists,  will  enable  him  to  arqnire  with  facility,  and  to 
employ  with  advantage,  the  detach«?d  and  partial  ideas  of  beauty 
whicli  will  be  exhibited  to  his  view  in  a  survey  of  nature,  in  her 
actual  state.  When  he  discovers  these  partial  beauties,  he  will  be 
capable  of  combining  them  with  those  perfect  forms  of  beauty,  with 
which  he  is  already  acquainted.  In  a  word,  by  having  always  pre- 
sent to  his  mind  the  noble  models  already  mentioned,  he  will  fona 
an  accurate  judgment  of  the  powers  of  his  art,  and  will  draw  ntkl 
from  his  own  mind. 

There  are,  however,  two  ways  of  imitating  nature.  In  tike  one, 
a  single  object  occupies  the  artist,  who  endearours  to  represientit 
with  precision  and  truth ;  in  the  other,  certdn  Bneff  tnd'  fautoics 


^  ^^^^  so  0  LFTU  RB. 

■re  taken  from  a  varielj-  of  objects,  aod  combined  and  blended  into 
on-  rpgnlar  wliule.  All  kinds  of  copies  belong  to  the  first  kind  of 
imit-ilion  ;  and  pruductions  of  this  sort  must  necessarily  be  eie. 
cuted  in  a  coriliiied  and  servile  manner,  with  high  lintshing,  and  little 
or  no  inTentiuti.  liut  tbc  second  kind  of  imitation  leads  directly 
to  Ihr  inreatigaliun  and  discoTrry  of  true  beauty,  of  that  beauty 
whose  perfect  idea  is  only  to  be  fuuud  within  the  nitnd. 

Of  Ibe  different  modes  of  proccsM  in  tculplurc. — Works  of 
of  sculpture  are  performed,  either  by  hollowing  or  cxcaTating,  as 
in  melals,  agate;;,  and  other  precious  stones,  and  in  marbles  of 
every  description  ;  or  by  workiug  in  relief,  as  in  bas-reliefs  in  tfaa 
materials  just  mentioned,  or  in  statues  of  metal,  clay,  wood,  wax, 
marble,  or  stone. 

Tbe  excavation  of  precious  stones  forms  a  particular  branch  of 
art  called  intaglio,  which,  together  with  the  working  them  in  re. 
licTO,  when  the  term  camayeu  is  applied  to  them,  belongs  to  the 
art  of  sea  1-eng rating. 

The  eacavBtion  of  metals  consUutes  the  art  of  eograving,  in  its 
rariom  branches,  on  melal  of  any  kind  ;  and  its  relief  comprises 
enchasing,  casring  in  bronze,  &c. 

The  process  of  hollowinit  hard  stone  or  marble  will  need  no  par> 
licalar  description;  esperially  as  it  is  now  wliolly  in  disuse,  ex- 
cept for  the  forming  of  letters  in  nionnmental  or  other  inscriptions. 
In  working  in  relief  the  process  is  necessarily  different,  accord- 
ing to  the  materials  in  which  the  work  is  performed. 

As  aot  only  the  beginning  of  sculptnre  was  in  clay,  for  the  pur- 
pose of  forming  statues,  but  as  models  are  still  made  in  clay  or 
wax,  for  eTery  work  undertaken  by  tlie  sculptor;  we  shall  Srst 
consider  the  method  pf  modelling  figures  in  clay  or  wax. 

Few  tools  are  necessary  for  modelling  in  clay.  The  clay  being 
placed  on  a  stand  or  sculptor's  easel,  the  artist  begins  the  work 
with  his  hands,  and  puts  the  whole  into  form  by  the  same  means. 
The  most  expert  practitioners  of  this  art  seldom  use  any  other  tool 
Ifaan  their  lingers,  except  in  such  small  or  sharp  parts  of  their  work 
as  the  fingers  cannot  reach.  For  these  occasions,  they  are  pro. 
Tided  with  three  or  four  small  tools  of  wood,  about  seven  or  eight 
inches  in  length,  which  are  rounded  at  one  end,  and  at  the  other 
flat  and  shaped  into  a  sort  of  claws.  These  tools  are  called  by  the 
French  ehauckoirt.  In  some  of  these  the  claws  are  smooth,  for  tb« 
purpose  of  smoothing  the  snrl^e  of  (he  model ;  and  in  others  a 
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made  with  teeth,  to  rake  or  soratch  the  cImj,  which  ii  Om  first  pro. 
cess  of  the  (ool  on  the  work,  and  in  which  state  many  parts  of  the 
model  ar«*  frequently  left  hjr  artists,  to  gire  an  appearance  of  free> 
dom  a 'id  skill  to  th*-ir  work. 

If  c!ay  ( oal  *  be  made  to  preserre  its  original  moistnre,  it  wobM 
nndoiihttdl)  be  the  fitte^'t  subtance  for  the  models  of  the  sculptor; 
but  whtrn  it  is  placed  either  in  the  6 re.  or  left  to  dry  imperceptibly 
in  the  air,  its  solid  |.>arf  s  grow  more  compact,  and  the  work  shrinki, 
or  loses  a  part  of  iis  dimensions.  This  diminution  in  size  wosid 
be  of  no  consequence,  if  it  affected  the  whole  work  equally,  so  a 
to  prf  serff  \ts  proportions.  But  this  is  not  always  the  case:  ftr 
the  snujier  pars  of  H\e  tigure  drying  sooner  than  the  larger;  sal 
thus  losin^^  more  of  their  dim«*nsion«  in  tl)«  same  space  of  tisM, 
than  the  latter  do  ;  the  symmetry  anu  proportions  of  the  workla- 
eTitaM)  suffer. 

This  incouT'^Tiience,  howerer,  is  obviated  by  forming  the  modd 
first  in  clay,  and  moulding  it  in  plaister  of  Paris  before  it  begins  to 
dry,  and  the  taking  a  plaister  Q^st  from  that  mould,  and  the  re- 
pairing it  carefully  from  the  original  work ;  by  which  means  yoi 
have  the  eiact  counterpart  of  the  model  in  its  most*  perfect  stals; 
and  you  have,  besides,  your  clay  at  liberty  for  any  other  work. 

In  order  to  model  in  wax,  prepare  the  wax  in  the  followim  ***" 
ner :  to  a  pound  of  wax  add  half  a  pound  of  scammony  (some  ail 
turpentine  also),  and  Qpelt  the  whole  together  with  oil  of  oliffs; 
putting  more  or  less  oil  as  you  would  hare  your  modelliiig  wax 
harder  or  softer.  Vermillion  is  sometimes  mixed  with  this  coaipo* 
sition,  to  gire  it  a  reddish  colour,  in  imitation  of  flesh. 

In  modelling  in  wax,  the  artist  sometimes  uses  his  fiiigerS|  and 
sometimes  tools  of  the  same  sort  as  those  described  for  modelling 
in  clay.  It  is  at  6rst  more  difficult  to  model  in  wax  than  in  day, 
but  practice  will  render  it  familiar  and  easy. 

Of  the  use  of  the  model, — Whatever  considerable  work  is  8D« 
dertaken  by  the  sculptor,  whether  bas-relief,  or  statue,  &c.  itisaL 
ways  requisite  to  form  a  previous  model,  of  the  same  size  ai  tht 
intended  work  ;  and  the  model  being  perfected,  according  to  the 
method  before  described,  whether  it  is  in  clay,  or  in  wax,  or  a  cast 
in  plaister  of  Paris,  becomes  the  rule,  whereby  the  artist  gvidtt 
himself  in  the  conduct  of  his  work,  and  the  standard  from  which 
he  takes  all  its  measurements.  In  order  to  regulate  himself  mora 
correctly  by  it,  ht  puts  over  the  head  of  the  model  an  immoreaUe 
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tirde^  dlfitbd  iata  de^nrs,  with  a  i 
Centn  of  the  circle,  tad  likewite  dmded  iaim  puts,  tnm  tW 
ntraoiltj  of  tbe  nil«  hao^  «  line  wilk  a  Ind,  vUcb  directi  Urn  im 
taking  all  the  point*,  «hich  are  ta  be  UaaJened  from  the  nodal 
to  the  narble ;  aad  from  the  lop  of  Ike  aarUe  b  bnn^  aUo  a  tine, 
tallying  witb  that  which  b  baag  froa  the  aode)  ^  by  the  can«> 
ipondence  of  which  t«o  lines,  the  pointi  are  afcertained  ia  tW 
marble  • 

Hanj  enmeat  tnlpton  prder  MfinirfiBtl  take*  bf  ti 
paMca  to  the  auUwd  jaat  described ;  for  tU*  mnn,  that  if  tba 
■add  ii  aoTed  bat  ercr  to  littk  tnm  ib  fercl,  the  poivb  are  aa 
iHier^nae. 

TKi  Mcthad,  hewerer,  odera  tbe  bett  wmb,  hy  wVcfc  aecfe. 
■Sal  prwfaion  Bay  be  attained  i  bntit  b  Maadfat,  thalewHghjret 
reaaim  ta  axarciM  aad  diipUj  the  geoiH  aad  ikSl  of  tbe  utbC 
Fmr,  first,  ai  it  ii  lapawlble,  bj  the  neani  of  a  Mrai^ht  fine,  to 
ictarBiaa  wilb  preciwM  tbe  prooedarc  of  a  carre,  the  artbt  de- 
rirca  boa  thfa  method  no  certain  nie  to  glide  hia,  at  oftea  ailbe 
UaewbkbhebiodeicribedeTiateflCraalhedirectiQvarae  plaab. 
line.  It  i>  alM  erident,  that  thb  aatbnd  albrd*  ai  certaia  rale  to 
determiae  eiactlf  the  prapirtioa,  wUA  Oe  Tariou  part*  of  the 
figare  might  to  bear  to  cacfc  etbn-  CBaiidrnd  ia  their  antaal  rela. 
tioa  and  coBBectioa*.  This  ddkt,  iadprf,  aaj-  he  part/  (applied 
bf  intertectiiig  tbe  ptaafc  lifi  bjr  hariaaatal  oaa  ;  bat  e«ea  lUa 
retoarce  hu  iti  tneooreiiieacet ;  tiacc  Ike  tqaarca  fJMaed  hj  ttaat. 
Tenal  iinea  that  are  at  a  distaace  froa  the  Sgan  (tlB|k  Ikt;  are 
cxacUj  eqail),  jet  repretent  tbe  partf  ef  tbe  figare  ai  greater  or 
HDallcr,  according  u  thej  are  aere  or  tta  renered  froa  ear  poiol 
of  Tteo. 

Of  »tvlpt»re  in  mood.— A  taSftor  la  vood  tboald  Gnt  take 
care  to  cbooae  wood  of  the  be«t  qoalifj ,  and  tbe  aoet  proper  for 
Ibc  work  which  be  intend*  to  execate.  If  be  lodertakef  a  Ur  jO 
work,  requiring  lirtngth  aad  Mtiditj,  he  ought  to  cbooce  the 
WdeU  wood,  ind  that  which  keepe  beiC,  aa  oak  aod  chcanat ;  bet 
for  works  of  Moderate  iiz«,  pear  or  ap()le.treetert«  very  w«U.  Ai 
nen  these  biter  wootb  are  ilill  of  cowaUeraUc  hardnea*,  If  the 
woik  couiM*  oolj  of  delicate  oreaatnti,  tbe  artiit  will  find  it 
preferable  to  take  M«ne  acre  tender  wood,  prorided   it  it  at  tho 

Cirauddoae;  aa,  fbr iacUAea,  tka  ladlaa  tree,  which 
ir  1. 
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is  exccllt'nt  for  this  jiurpose,  as  tlu-  chUcl  cuts  it  more  Deatly  and 
tasily  than  au)  olh«>r  wuod. 

'lh<'  aiu'itiifs  made  stati'cs  out  of  almost  every  different  kind  of 
wood.  At  ^icyon  was  a  atuliic  of  Apollo  made  of  box  ;  the  statne 
of  Diana  at  Kjihi'sus  wa^  of  crdar.  As  tiu  se  two  sorts  of  wood  are 
extn-mcl}  h  inland  uiidecaying  ;  and  as  cedar^  in  particular,  is  of 
such  a  iiamn-,  a-,  according  to  Pliny,  to  be  nearly  indestractible, 
the  ancitnts  pnfi rrod  them  for  the  images  of  their  difinities. 

In  the  trmpli"  built  on  mount  Cyllene  in  honour  of  Mercoiy, 
Pau*iaiiia>  rc'lal<  s,  that  thiTt*  uas  a  >tatuo  of  that  god  made  of 
citron- wood,   ci^^ht   feet   in  height.     This  wood  was  also  mnch 

esteemed. 

The  cypress  likeuiso,  bciui;  a  wood  not  apt  to  spoil,  Dor  tob« 
damaged  by  worn«,  was  aUo  used  for  statues ;  as  were  the  palm. 
tree,  oliTe,  and  i-bony,  of  which  latter,  according  to  Pliny's  ac- 
count, there  wns  anotlier  statue  of  Diana  at  Ephesus. 

Several  other  kinds  of  wood  were  equally  employed  for  this 
purpose,  even  the  vine,  of  which  the  same  author  says  there  wen 
statues  of  Jupiter,  Juno,  and  Diana. 

Ft  libien  speaks  of  a  French  artist  at  Florence,  of  the  name  of 
Janni,  who  executed  several  statues  in  wood,  in  a  style  of  finishing 
equal  to  marble,  and  particularly  one  of  St.  Rocque,  which  Vasari 
considered  as  a  marvellous  production. 

The  beauty  of  sculpture  in  wood  consists  in  the  tender  manner  of 
catting  the  wood,  free  from  all  appearance  of  hardness  or  drjmess. 

For  any  work  of  large  dimensions,  even   though   it  consists 

of  a  single  figure,    it  is  better  to  join  together   seyeral  smallei 

pieces  of  wood  than  to  make  the  whole  of  a  single  large  piece; 

which  is  more  liable  to  warp  and  crack,  on  account  of  its  not 

being  always  dry  at  heart,  although  it  appears  perfectly  dry  on  tk 

outside. 

No  wood  can  be  properly  fit  for  works  of  this  kind  that  has  not 

been  cut  at  least  ten  years  before. 

The  tools  used  for  sculpture  in  wood  are  the  same  as  those  o' 
the  joiner  or  cabinet-maker. 

Of  sculpture  in  stone  and  tnarbie»-^FoT  sculpture  in  marbli 
and  other  stone,  the  artist  must  make  use  of  tools  made  of  good  steel, 
well  tempered,  and  of  strength  proportioned  to  the  hardness  of  the 
material. 


p  Tbe  first  Ihing  to  be  done  is,  lo  saw  oiil  from  h  larger  blofk  of 
vflMrble,  ■  block  propurlioned  to  the  sise  of  (he  work  which  is  un. 
'liertaken-  After  this,  the  sculptor  shapes  the  gross  masspj  of  the 
''Isrnis  he  dc-Eigns  to  repre^nt,  by  knocking  oil' the  iuperfluous  parti 
of  marble  with  a  strong  mallet  orbeel,  an  J  a  strong  steel  tool  called 
S  point. 

When  the  block  i)  thus  hewn  oat  agrf  eably  to  the  measures  pre- 
viously taki'n  for  the  performance  of  the  work,  the  sculptor  brings 
it  nearer  lo  the  inteoclfd  form  by  means  of  a  finer  point ;  and  some- 
times of  a  tool  called  a  dog's  tooth,  haling  two  points,  bat  test 
sharp  th^n  the  single  one. 

After  this  he  uses  the  gradine,  which  U  a  flat  cutting  tool,  with 
thrte  leelh,  but  is  not  so  strong  ai  (he  point. 

Having  idranced  his  work  with  ttie  gradine,  he  uaesthe  chisel 
to  lake  olf  the  ridges  left  by  llie  former  tools  ;  and  by  the  dexta- 
roos  and  delicate  use  of  this  instrument,  he  gires  softness  and  ten. 
demess  to  the  figure,  till' at  length,  by  takim;  a  rasp,  which  is  a 
sort  of  a  file,  he  brings  his  work  into  a  proper  state  fur  being  po. 
Ushed. 

Rupa  are  of  several  kinds,  some  straight,  some  curved,  and 
MHte  hariler  or  softer  than  others. 

When  the  sculptor  has  fbus  f^r  finished  his  work  with  the  best  , 
tools  he  can  procure,  whereTer  certain  parts  or  particular  works 
requir<<  polishing,  he  uses  pumice-stone  to  make  all  the  parts 
■mooth  and  eren.  llf  then  goes  oTer  them  with  tripoli,  and  when 
be  would  give  a  still  higher  glu»s,  he  rubs  them  with  leather  and 
ftrawaahes. 

Besides  the  tools  already  mentioned,  sculptors  use  also  the  pick, 

hich  is  it  smalt  hammer  pointed  at  one  end,    and  at  the  other 

tanned  with  teeth  made  of  good  steel  and  siiuared,  lo  render  them  the 

This  serves  to  break  the  marble,  and  is  used  in  all  places 

Wbere  the  two  hands  cannot  be  employed  to  manage  the  mallet  and 

ebiiel- 

Tbe  bouchard,  which  is  a  piece  of  iron,  veil  steeled  at  the  hot. 
tom,  and  formed  into  st-reral  strong  and  short  points  like  a  dia- 
iDond,  is  used  for  making  a  hole  of  equal  dimensions,  which  rannot 
be  done  with  culling  tooU.  The  bouchard  is  driven  with  the  mitU 
let  or  beetle,  and  its  points  bruise  the  m^irble  and  reduce  it  to 
powder.  Water  is  thrown  into  thr  hole  U~<a\  lime  to  time,  in  pro. 
portion  to  the  deptii  that  is  made,  to  bring  out  the  dust  of  tht 
3aS 
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marble,  and  to  prevent  the  tool  from  heating,  which  wonld  destroy 
its  temper ;  for  the  free.stone  dust  on  which  tools  are  edged,  b 
only  moistened  with  water  to  prevent  the  iron  from  heating  and 
taking  oil  the  temper  of  the  tool  by  being  rubbed  dry ;  and  the 
trepans  are  wetted  for  the  same  reason. 

The  sculptor  uses  the  boucharH  to  bore  or  pierce  tnch  parts  of 
hit  work  as  the  chisel  cannot  reach  without  danger  of  spoUiog  or 
breaking  them.  In  using  it,  he  pa!»se8  it  through  a  piece  of  lea> 
ther,  which  leather  covers  the  hole  made  by  the  bouchard,  and  pre- 
vents the  water  from  spirting  up  in  his  face. 

The  tools  necessary  for  sculpture  on  marble  or  stone,  aretlit 
roundel,  which  is  a  sort  of  rounded  chisel;  the  hougaet,  which  it 
a  chisel  squared  and  pointed ;  and  f arious  compasses  to  take  the 
requisite  measures. 

The  process  of  sculpture  in  stone  is  the  same  as  in  marble,  es. 
cepting  that  the  material  being  less  hard  than  marble,  the  toob 
used  are  not  so  strong,  and  some  of  them  are  of  a  different  forD, 
as  the  rasp,  the  hand  saw,  the  ripe,  the  straight  chisel  with  three 
teeth,  the  roundel,  and  the  grater. 

If  the  work  is  executed  in  free.stone,  tools  are  employed  which 
are  made  on  purpose,  as  the  free-stone  is  apt  to  scale,  and  does  not 
work  like  hard  stone  or  marble. 

Sculptors  in  stone  have  commonly  a  bowl  in  which  they  keeps 
powder  com|)osed  of  plaister  of  Paris,  mixed  with  the  same  stone 
in  which  their  work  is  executed.  With  this  compositioo  the>  fill 
up  the  >ma11  holes,  and  repair  the  defects  which  they  meet  with  ia 
the  stone  itself. 

[jyaipolc.  }\ inckclmann.  Du  Fresnoy.  Pantahg. 

SECTION    VIII. 

Pottery  and  Porcelain^ 

PoRcuLAiN  may  be  regarded  as  the  finest  kind  of  pottery ;  the 
art  of  which  consists  in  working  and  moulding  plastic  earths,  more 
or  iesN  simple  into  hard  brittle  vessels  of  various  kinds  and  forms, 
and  designed  for  Tarious  purposes. 

The  essential  mat#il  of  pottery  is  clay,  which  alone  possesses 
the  two  requisite  qualities  of  being  in  its  natural  state  so  plastic 
that  with  water  it  becomes  a  soft  uniformly  extensible  mass,  caps- 
Ilia  of  assuming  and  retainingany  any  form ;  and  when  thorough!/ 


iriti  sad  UBdergone  >  ni  Wat  far  a  tiiM,  <f  iMif 
becoming  irreteDtive  af  water  to  bdj 
close   in  texture,  aad  abk  aorc  Of 
liquids  contained  whliiD  iu  hunow. 

Claj,  bowner,  is  ta  all  '—*»-'■— 
it  owps  i(i  plasticitj  (o  alani 
it :  bat  the  proportioa  of  nlaHMc 
apecies,  and  almost  u  tnach  at  ibe 
is  combiaed. 

It  tn^  hence  be  EvppOBtd  Cbal  sas;  of  &e  i 
natural  days  ire  of  tbentstlTCS  wKdrwOy  nucd  vilk  oi 
for  the  potter's  nse  oitliottt  uf  » 

clayi  mnsllj  rfqnire  dilntion  «itk  sBci  •■  ■•••  ftnm  vr  « 
which  majr  t>e  done  to  a  con 
tfae  plasticity  reqiiisite  for  working. 

The  most  iropartant  drcDtBstanca  reqw 
Klecting  the  materials  for  pottery  are  plasticr^,< 
dity,  and  campaclness  after  drying,  colonr,  and  rssaiiUty. 

The  plasticity  Beems  to  be  simply  owing  to  the  proportion  of  citjr 
DMld,  or  relfltircly  to  the  original  pUstidty  of  the  day  itwif ;  for 
all  clays  are  not  equally  plastic,  and  the  superadded  sobitaiicet  in 
no  instance  increase  this  property,  and  in  many  cases  coiuidenbly 
diminish  it. 

The  texture,  inclading  the  qualities  of  hirdness  and  compact. 
DCH,  depends  parity  on  the  mixture  of  siliceous  (flinty  or  sandy) 
ingredieaiB  with  the  clay,  and  partly  on  tlie  beat  employed  in  ths 
bnrniog  of  the  potttry.  Tlie  purer  oatoral  clays  are  almost  in. 
(tisible  in  any  furnace  heat;  their  hardness  is  nearly  progretsire 
with  the  intensity  of  the  lire,  but  tliey  hare  the  essential  defvcts  of 
drying  rery  slonly,  of  shrinking  very  considerably,  and  «f  becom- 
ing rifty  or  full  of  minute  cracks  when  dried,  so  as  on  this  account 
to  t>e  porous.  It  is  therefore  necessary  to  mix  them  intimately 
with  any  other  earth  of  qualities  opposite  to  those  of  clay  ;  that  is 
which  absorbs  but  little  watvr,  and  quickly  parts  with  it, (qualities 
directly  opposite  to  plasticity)  and  which  dries  compact  and  close. 

The  colour  of  the  earths  used  is  also  of  essential  importance  in 
the  finer  pottery,  in  which  the  great  deilderalum  is  to  find  a  clay 
which  after  burning  remaiaa  perfeclly  white.  The  appearance  be- 
fore burning  cannot  always  be  depended  upon,  for  though  Ingene- 
nl  the  whitest  clays  before  burning  are  those  that  remain  white  af- 
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terwards,  it  is  only  in  a  few  districts  that  clays  are  to  be  found  that 
retain  a  perfect  whiu'iuss.  Thus  there  exists  ut  the  foot  of  a  range 
of  hi^h  hills  ttiat  dinrtly  overlook  the  Staffordshire  potterie»|  a 
stratum  of  wliite  ilav  to  appfarance  fuDy  equal  it  not  superior  to 
the  ht'bt  D'.\oiishirk'  clays,  which  cannot  be  en>plo^ed  for  fine 
pottor^  from  its  acipiiring  in  burning  a  yellowish  cream  colour 
wiiich  no  art  c:im  correct.  This  colour  i»  supposed  to  depend  on 
an  inter.,  ixture  of  iron. 

Th(>  fubil)ility  uf  clays  and  of  other  pottery  i-arths  is  a  subject  of 
extreme  imponaiicc,  as  it  is  thi»  property  that  principally  coDsti* 
tutt^  the  diticrince  between  common  pottery  and  porcelain. 

We  liave  de(in<  d  porcelain  to  be  a  species  of  pottt.*ry  ware  conu 
po^id  of  an  earthy  ^uixture  which  resists  complete  fusion  in  a  Teij 
consiilerabie  heat,  but  has  been  brought  b^  a  less  heat  than  iti 
melting  point  to  a  state  of  incipient  fusion,  and  is  thereby  rendered 
extremely  haul,  sonorous,  and  semi-transparent,  and  possesses  a 
s<  mi  conchoidal  spUntt-ry  fracture  approarhini;  to  the  vitroouS} 
which  h  conpletily  cunchoiJat.  This  last  is  quite  a  diatiuctive 
character  between  porcelain  and  pottery,  for  the  fracture  of  pot- 
tery is  extreuu  1\  granular  :  and  hence  porcelain  may  correctly 
be  re^ardt  d  as  a  sub>tance  of  a  middle  nature  between  pottery  and 

gl.JS-*. 

From  tln^e  circumstances  it  appears  probable  that  no  chemical 
action  tnkis  place  in  any  pottery  combination  till  it  arrives  at  the 
state  of  porc<>lain.  The  most  perfect  and  beautiful  porcelains  of 
Japan  in  China  are  composed  of  two  c'istinct  earths  ;  one  in  which 
sil<  X  predominates,  and  which  melts  in  a  strong  fire  ;  and  another 
which  is  infiisibW' />cr  sc :  and  by  the  union  ot  those  two  earths  a 
porcelain  is  produced  which  scarcely  vitrifies  at  the  utmost  furnace 
heat  wiiich  art  can  excite.  This  substance  possesses  tiic  combined 
excellencies  of  great  hardnf'ss,  beautiful  scmi-transjparency,  exqni. 
site  whiteness,  where  not  artificially  coloured,  strong  toui;hnesi 
and  cohesion;  so  that  it  has  streni'th  enough  for  the  purposes  for 
which  it  is  designed  when  made  very  thin,  and  bears  sudden  heat- 
ing and  cooling  without  cracking. 

Of  '.he  beautiful  European  porcelains  which  have  been  made  in 
imitutlun  of  the  oriental,  it  does  not  appear  that  any  of  them  unite 
all  its  excellencies.  Karthy  combinations  have  been  made  equaly 
St  long,  tough,  and  infusible,  and  as  truly  porcelaincous  when  burnt, 
but  they  have  not  quite  rivalled  the  best  Japanese  in  delicite 
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wViteiieM  and  tastre.  As  these  la«t  qn&liiies,  haw>>Ter,  are  fk. 
teemed  moft  essenl'inl,  lh*l  of  Infasihilify  v«!iich  indeed  U  of  no 
gT«t  consequtnce  fur  any  uf  (h?  comnxin  uses  of  porcchin)  hu 
be«n  lacrilicr'd  ;  and  hence  iliote  thail  make  a  near  apprukcli  to 
the  oriental  in  fipauty  and  delicalp  Instre.of  which  many  manufac- 
tnres  in  Htllerent  parts  of  Eiiro{>e  hare  aif'irded  spkntliJ  onnipks, 
■re  freqai-nliy  found  to  soften  and  tnf\t  down  in  an  intense  'leatof 
a  wind-fnroace,  at  which  the  Irac  Nuakin  and  Japan  china  nndcrgo 
no  change. 

The  manufacfure  of  the  oidinarj-  poHery  it  on  the  whol*  Terjr 
wmple  uhere  a.  due  selection  tt(  ninleriklt  is  made  ;  but  the  orna- 
mental brnnchei  of  it,  such  as  (baoe  of  mudellJoe,  rnamrlling, 
paiiilint;,  and  gilding,  which  often  display  exqniiile  bemly,  are 
accoDipauied  with  much  di-licacy,  and  require  a  combination  of 
perseTeraiice,  skill,  and  practical  nicety  of  management,  (hat  at« 
rwely  equalled  in  any  other  chemical  roDnufacture. 

An  intimate  mixture  of  ihe  ingredient*  uied  in  pottery  is  of 
great  imparlance  to  the  beauty,  compactness,  and  tuuodneia  of  th« 
ware.  Formerly  the  wet  ony  and  ground  flint,  or  whatever  else 
was  employed,  were  beaten  together  with  long  continued  manual 
labonr,  no  more  water  being  added  than  was  neci-^sary  to  render 
Ihe  clay  iburooglily  plastic.  This  laborioua  and  erpensive  method 
ha«  now  been  laid  aside  in  the  largir  potlerii-s  ;  and  the  ing<  ntoui 
method  has  been  sub.'tituted  of  brinsing  each  material  first  to  an 
impalpable  powder,  and  diffusing  them  tejiarately  in  as  much  »«• 
ter  as  will  bring  them  lo  the  consisience  of  Ihitk  cream,  mixing 
tbem  in  due  proportion  by  measure,  and  when  thoroughly  ttirred 
together,  eTaporating  the  supirfluoua  water  till  the  mass  is  bronght 
to  a  proper  consistence  for  working. 

th«  Staffordshire  process  the  materials  are  a  line  clny,  brought 

iefly  from  Devonshire,  and  a  siliceous  stone  called  chert,  ur  else 

flint  reduced  to  powder  by  healing  it  red-hot,  quenching 

in  water,  and  then  grinding  it  by  windmills.     Kach  material  li 

iseil  through  line  brass  sit-fes,  then  dilfusej  in  water,  mixed  by 

inre,  and  bruiiKhl  to  a  plastic  stale  as  above. 

The  wheel  and  lathe  are  the  chief,  nnd  almost  the  only,  Instru- 

roade  use  of:  the  first  for  lar^e  works,  and  the  Isit  for 

malL     The  potter's  wheel  cunsius  priiiHpally  in  the  nut,  which  is 

•  litam  or  axis,  w bote  foot  or  pitot  plays  perpendicularly  on  a 

^L ^e-stoD eiole   or  boltuin.     Prom  the  four  corners  of  this  beam, 

■  2g4 

^m^ : d 
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which  does  not  exceed  two  feet  in  height,  arise  fear  iron  btifi 
called  the  spokes  of  the  wheel ;  which,  forming  diagonal  lines  witk 
the  beam,  descend,  and  are  fastt-ned  at  bottom  to  the  edges  of  a 
strong  wooden  circle,  four  feet  in  diameter^  perfectly  like  the  fel- 
loes of  a  roach.wheel,  except  that  it  has  neither  axis  nor  radii,  and 
is  onl)  joined  to  the  beam,  which  serves  it  as  an  axis,  by  the  iroa 
bars.     Tlje  top  of  the  nut  is  flat,  of  a  circular  figure,  and  a  footia 
diameter :  and  on  this  is  laid  the  clay  which  is  to  be  turned  and 
fashioned.     The  wheel,  thus  disposed,  is  encompassed  with  fovr 
aides  of  four  dilt'ereut  pieces  of  wood  fastened  on  a  wooden  fraaie; 
the  hind-piece^  which  is  that  on  which  the  workman  sita^  is  made 
a  little  inclining  towards  the  wheel ;  on  the  fove.piece  are  plaoed 
the  prepared  earth ;  on  the  side.pitces  he  rests  hih  feet,  and  these 
are  made  inclining,  to  give  him  more  or  less  room.     Hafingpre* 
pared  the  earth,  the  potter  lays  a  round  piece  of  it  on  the  circviar 
bead  of  the  nut,  and  sitting  down,  turns  the  wheel  with  his  feet 
till  it  h  IS  got  tlie  proper  Telocity ;  then,  wetting  his  hands  with  inu 
ter,  he  presses  his  fist  or  his  finger-ends  into  the  middle  of  the 
lamp,  and  thus  forms  the  cavity  of  the  vessel,  continuing  to  widen 
it  from  the  middle ;  and  thus  tnmlng  the  inside  into  form  with  oae 
band,  while  he  proportions  the  outside  with  the  other,  the  whed 
constantly  turning  all  the  while,  and  he  wetting  his  bands  froa 
time  to  time.    When  the  Tessel  is  too  thick,  he  uses  a  flat  pieccof 
iron,  somevihat  sharp  on  the  edge,  to  pare  off  what  is  redundaat; 
and  when  it  b  finished,  it  is  taken  oiT  from  the  circnlar  bead,  by  a 
wire  passed  underneath  the  vessel. 

The  potter's  lathe  is  also  a  kind  of  wheel,  but  more  simple  and 
alight  than  the  former,  its  three  chief  members  are  an  iron  beam 
or  axis  three  feet  and  a  half  high,  and  two  feet  and  a  half  diameter, 
placed  horizontally  at  the  top  of  the  beam,  and  serving  to  form  the 
Tessel  upon  :  and  another  large  woodtn  wheel,  all  of  a  piece,  three 
inches  thick,  and  two  or  three  feet  broad,  fastened  to  the  same 
beam  at  the  bottom,  and  parallel  to  the  horizon.  The  beam  or 
axis  turns  by  a  pivot  at  the  bottom  in  an  iron  stand.  The  y^oikm 
man  gives  the  motion  to  the  lathe  with  his  fret,  by  pushing  the 
great  wheel  alternately  with  each  foot,  still  givinc  it  a  greater  or 
lesser  degree  of  motion,  as  his  work  requires.  They  work  with 
the  lathe,  with  the  same  in>truments,  and  after  the  same  manner, 
as  with  the  wh*  eL  The  mouldings  are  formed  by  holding  a  pi«ce 
of  wood  or  iron,  cut  in  the  form  of  the  moulding,  to  the  Tesitly 
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while  (he  wbed  is  inmhi^  round,  bm  tiie  Ipei:  auc  haxidis  ktv 
made  bj  themselret,  and  set  on  with  tbe  imnd  :  nnc  if  tB?rf  ix^  mrr 
srulptare  in  the  vork«  it  '»  nsoaDj  dim^-  id  womh'i.  nionid&.  sn£ 
stock  on  piece  bj  piece  on  tbf*  nuftidc-  of  tii*  reK^fL 

Handles,  spouts.  &r.  are  aff«-rfrarc^  £x«d  on  Ui  tiif-  nonickec 
piece  if  required  ;  and  it  i<>  tb«a]  i^  to  cry  ior  some  ocv»  h  £ 
warm  room,  where  it  b^ronef  m»  hbrd  us  lu  iieai  handlmr  wmion: 
altering  its  »hape.  ^^  r.^D  dn  enoori  it  it  indo&eC  aiour  v*i^ 
manj  olher»  in  baked  c'.a«  r«!^-ft  of  t tie  siiapir  of  taaudzicrxek.  caiD«-d 
teggar;,  which  are  n^ade  of  the  rusrH  rliv&  €»f  ine  txnnnr]!. 
These  are  nrxt  ranr^d  in  the  kiln  or  fumaof:  so  as  tx»  £1  c  f-ssppc 
a  space  in  the  iriddle  for  the  foel.  Here  tbe  ware  b  baked  il\l  h 
has  remained  fol^  red  hot  for  a  ronaderabk  lime,  vbicc  in  the 
larger  kilns  rontumtf*  tf  n  or  fifief-s  icu  c/f  caa'ii :  after  wbi=i  u» 
fire  is  allowed  to  co  out,  ami  vfaeo  al!  »  coo>d,  tke  ft»-£can  are 
taken  out,  and  their  cont«ots  unpark«il. 

The  ware  h  now  in  a  ^tate  of  bi&cnit,  perfectij  road  «if  C^mS 
and  resembling  a  clean  #'cg-^h<41.  In  order  to  c'*aze  ^  vlack  is 
tbe  next  process,  the  binruit  ware  b  dipped  in  a  lab  oootjum&g  a 
nixtore  of  aboot  siitj  parts  of  lltbaree,  ten  of  clar.  and  tventj 
of  ground  flint,  diffused  in  vater  to  a  creacj  CMUctence,  and 
when  taken  out,  enough  adheres  to  the  pieee  to  pv*  aa  ntUarm 
glaxing,  when  a^aio  heated :  for  which  porpos«  tiie  yvbctt  are  r»« 
packed  up  in  the  seggars,  with  small  bits  of  pottfrr  interpoMd 
betw<'en  each,  aod  fixed  in  the  kiln  as  before.  Tbe  grazing  asix- 
ture  fuses  at  a  very  moderate  heat,  and  cives  an  cnifona  glouj 
coating,  which  6nishes  the  process  for  common  white  ware  ;  tbongb 
the  painting  and  gilding  require  snbs^^uent  attention. 

[^Pantologia.    D^EntrecoUtt.     LeitreM  Edifianiit 

et  Curituieu 
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CHAP.  IV. 

BURNING    MIRRORS. 


X  UE  fertile  genius  of  Arcliiinedes  illustriously  appears^  not  only 
in  those  works  of  his  which  ha?e  b^en  handed  down  to  us,  bnt  also 
in  the  admirable  descriptions  which  the  authors  of  his  time  hare 
given  us  of  his  discoveries  in  mathematics  and  mechanics.  Some 
of  the  inventions  of  this  great  man  have  appeared  so  far  to  surpass 
human  ability  and  imagination,  that  some  celebrated  philosophers 
Lave  called  them  in  question  *,  and  even  gone  so  far  as  to  pretend 
to  prove  their  impossibility,  The  following  pages  will  produce 
many  proofs  of  what  is  here  advanced  :  meanwhile,  our  present  ob- 
ject is  to  examine  into  the  subject  of  the  burning  glasses,  employed 
by  Archimedes  to  set  fire  to  the  Roman  ileet  at  the  siege  of  Syra- 
cuse.  Kepler,  Naudeus,  and  Descartes,  have  treated  it  as  a  mere 
fable,  though  the  reality  of  it  hath  been  attested  by  Diodorus  Sica- 
lus,  Lucian,  Dion,  Zonaras,  Galeii,  Anthemius,  Eustathius,  Tzet- 
zes,  and  others.  Nay,  some  have  even  pretended  to  demonstrate 
by  the  rules  of  catoptrics  the  impossibility  of  it,  notwithstandini 
the  asseveration  of  such  respectable  authors,  whose  teitimoBj 
ought  to  have  prevented  them  from  rejecting  so  lightly  a  fact  so 
well  supported. 

Yet  all  modern  enquiries  have  not  been  involved  in  this  mistake. 
Father  Kircher,  attentively  observing  the  description  which  Tzeties 
gives  of  the  burning  glasses  of  Archimedes,  resolved  to  prove  the 
possibility  of  this ;  and  having,  by  means  of  a  number  of  plain 
mirrors,  collected  the  sun's  rays  into  one  focus,  he  so  augmented  f 

*  Descartes  in  his  Dii)p(ric<,  Dit^course  Sth,  p.  128.  Fontenelle,  and  many 
other. 

f  Kirchor»dc  Artr  Mvgna  Lurts,  et  Umbrip,  lib.  10,  p.  3.  p.  874  ad  6nrni, 
et  Problem.  4,  3n  |>ari.  dr  Ma^iA  CaiopiiicA— And  p.  881,  887,  hr  drlivfft 
the  c'ltoptric  TuU'n  for  makinfi  burning;  ginssos  bjy  a  proper  disposition  of  munr 
plain  mirrors.  And  in  p.  S8,  re  la  res  an  experiment  of  liis  own,  wliereb\  lie  pro- 
duced a  heat  intense  enough  to  burn,  by  mcins  of  five  mirrors  directing  the  ni}S 
of  the  sun  into  one  focoii  i  he  supposes  that  Proclns  b\  such  mean^  might  set 
ire  to  VitelUos*!  fleet,  and  invites  the  skilful  tu  bring  this  asia^-  to  perfection. 


the  solar  heat,  tliat  at  last  by  cncrensing  Hie  number  of  mirrors,  he 
could  produce  the  most  intense  degree  of  it. 

Tielaes'*  descriplion  of  the  glad's  Archimedes  made  use  of,  ii 
Indeed  very  proper  to  raise  such  an  idea  as  Kircher  enttrlained. 
That  auihor  sajs,  that  Archiniedts  set  lire  (o  Marcellus's  navy,  hy 
tneansof  abuniingglass  composed  of  tmall  square  mirrors,  moving 
evwry  way  upon  hinges  ;  which,  when  ptaced  in  the  sun's  rays,  di- 
rected them  upon  (he  Roman  Beet,  so  as  to  redure  it  to  ashes  at  the 
distance  of  a  how.shot.  It  is  probaliie  Mr.  De  liunnn  availed  him. 
■elfof  this  description,  in  constructing  liis  burning  class,  composed 
of  168  little  plain  mirrors,  which  produced  so  considerable  a  heat, 
ts  (o  set  wood  in  flames  at  the  distance  of  two  hundred  and  nine 
feet ;  melt  lead,  at  that  of  one  hundred  and  twenty  ;  slid  silrer,  at 
that  of  fifty. 

Another  testimony  occurs,  which  leaves  not  the  least  doubt  io 
this  case,  but  rctolves  all  in  favour  of  Archimedes.  Anthemiiis 
of  Tralles,  in  Lydia,  a  celehraii'd  architect,  able  sculptor,  and 
learned  mathematician,  «ho  in  the  emperor  Justinian's  lime  built 
the  church  of  St.  Sophia,  at  Coostaniinople,  wrote  a  small  treatise 
in  Greek,  which  is  extant  only  in  manuscript,  infilled  Mechanical 
Paradoxes,  That  work,  among  oilier  things,  has  a  chapter  re. 
specling  burning  glasses,  where  we  meet  with  the  most  complete 
descrpitiun  of  the  requisites  that  Archimedes,  according  to  this 
author,  must  needs  have  been  possessed  of,  to  enable  him  to  set  fire 
to  the  Roman  Beet.  He  begins  with  this  intiuiry,  "  ilow  in  any 
given  place,  at  a  bow.shot's  distance,  a  conflagration  may  be  raised 
by  means  of  the  sun's  rays  ?"  And  immediately  lays  it  down  as 
a  first  principle  "  That  the  situation  of  the  place  must  be  such, 
that  the  rays  of  the  sun  may  be  reflected  upon  it  in  an  oblique,  or 
even  apposite  direction  to  that  in  which  Ihey  came  from  the  sun 
itself."  And  he  adds,  "  that  the  assigned  distance  being  so  very 
considerable,  it  might  appear  at  first  imjwssiUle  to  elTect  this  by 
means  of  the  reflection  of  the  sun's  rays  ;  but  as  the  giury  Archi. 
medes  had  gaint'd  by  thos  setting  lire  to  the  Roman  vessels,  was  a 
fact  universally  agreed  in,  he  thoughi  it  reasonable  to  admit  the 
possibility  of  it,  upon  the  principles  he  had  laid  down."  He  after- 
wards advances  farther,  in  this  enquiry,  establishing  certain  neces> 
sary  propoailions  in  order  to  come  at  a  solution  of  it.  "  To  find 
out  therefore  in  what  position  a  plain  mirror  should  be  placed  to 
bprry  the  sun's  rays  by  reflection  to  a  given  point,  he  demonstrates 


i 
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that  thp  anfle  of  incidence  is  equal  to  the  angle  of  reflection;  mi 
having  shewn  that,  in  so  jut>t  a  position  of  the  glass,  the  8nn*s  rap 
might  be  reflected  to  trie  gi?en  place,  hi-  obberYfS  that  by  means  of 
a  number  or  glasses  rt^flecting  the  rays  into  the  same  fi>€us,  there 
must  arise  at  the  given  place  the  conOagrdtion  required,  for  inflanu 
ing  heat  is  the  result  of  thus  concentrating  the  sun's  rays  :  and  tlut 
nrhen  a  body  is  thus  set  on  fir^.  il  kindles  thp  air  around  it,  so  thit 
it  comes  to  be  acted  upon  by  the  two  forces  at  once,  that  of  tbe 
sun,  and  that  of  the  circumaiLbi.nt  air«  reciprocally  augmentnij 
and  increasing  the  heat  ;  ivlicnce'%  continues  he,  *^  it  necessarily 
results,  that  by  a  proper  number  of  plain  mirrors  July  disposed, 
the  sun's  rays  might  be  refl(ct«'d  in  >uch  quantity  into  a  common 
focus,  at  a  bow. shot  distance,  as  to  set  all  in  Amies  around  it.  Al 
to  the  manner  of  putting  this  in  practice,"  he^a^s,  '^  ir  might  be 
done  by  employing  many  hanc^s  to  hold  the  mirrors  in  the  de- 
scribed position  :  but  to  atoid  the  confusion  that  might  thence  arise, 
twenty.four  niirrors  at  least  being  requisite  to  communicate  flame 
at  such  distance,  he  fixes  upon  another  method,  that  of  a  plain 
hexagon  mirror,  accommodated  on  e?ery  side  by  lesser  ones,  ad* 
hering  to  it  by  means  of  plates,  bands,  or  hinges  connecting  tbem 
mutually  together,  so  as  to  be  moved  or  fixed  at  pleasure  in  any 
direction.  Thus  hating  adapted  tie  laige  or  middle  mirror  to  the 
rays  of  the  sun,  so  as  to  point  them  to  the  given  place,  it  will  be 
easy  in  the  same  manner  to  dispose  the  rest,  so  that  all  the  imys 
together  may  meet  in  the  same  focus  ;  and  by  multiplying  com* 
pound  mirrors  of  this  kind,  and  giving  them  ail  the  same  direction 
there  must  thence  infallibly  result,  to  whatever  degree  of  intense- 
ness,  the  conflagration  required  at  the  place  i^iven.  The  better  to 
succeed  in  this  enterprize,  there  should  be  in  readiness,"  he  adds, 
<^  a  considerable  number  of  those  compound  mirrors  to  act  all  st 
once,  from  four  at  least,  to  seven."  He  concludes  his  dissertation 
with  observing,  '^  that  all  the  authors  who  mention  the  bumfaig 
machine  of  the  divine  Archimedes,  never  speak  of  it  as  of  one 
compound  mirror,  but  as  a  combination  of  many."  So  large  and 
accurate  a  description  is  more  than  sufiicient  to  demonstrate  the 
possibility  of  a  fact,  so  well  attested  in  history,  and  by  such  a  num- 
ber of  authors,  that  it  would  be  the  highest  degree  of  arrogaooi 
and  conceit,  to  refuse  our  suffrage  to  such  invincible  testimony. 
Vitellion,  who  lived  about  the  thirteenth  century,  speaks  of  a  work 
•f  Anthemius  of  Trailes,  who  had  composed  a  burning  glass  consist- 
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lag  mt  iBiBty-fcr  warren,  which  eonvejiaf  the  raji  of  the  (■> 
iola  ■  vmmmam  Com,  pnodacvd  in  rxtnaidiavj  4f%n*  of  bcoU 
And  Ladu  ipwtiog  vf  ArHtioKdM,  ■•/*,  itat  at  tW  lic^  of  %-- 
laroii  br  ndavd,  by  «  s«{«lu  coalrinneK,  Ac  Rpmm  iM|n  to 
ukn.  Ao4  Giln ;  lk>t  viih  baraiiu>4luws  k  find  tW  ilNpi  U 
tW  p««MiM  of  SjiMt.  Zooam  abo  ipaaks  of  ArrUmnlti* 
gteiaes,  io  ■MitiawHig  flkow  of  Piods*,  wfco,  k  njt,  bant  tke 
fcrt  of  VitrlHH  tf  the  rirg*  of  GawtaotiMopIr,  in  imituiam  of 
AicUa^Jm,  «W  tri  Cnla  tW  Riaaa  ll««4  at  thp  m^  of  Sjn- 
CBM.  He  hii—lii.  Itat  the  ■mdwt  wbmin  Prodn  ttttUA  tlni, 
«Bs  by  lawKkiag  ■?"■  1^  °«'W'*i  Tr9<«1*,  froa  i^  sar&cF  of  r»> 
jvuthf  of  iiT  ss  mloccd  Ikcn  to 

^TwMInm,  n  lii  CosBWfiiy  apoa  Ae  Uiad,  bji  Oot  ~ 
AkMb^'S.  br  •  evoptfie  Mcchiae,  bomt  tW  Raw  fp«t  at  a 
ba«.^hat'*  difit?»r«.  lavowacb  tbal  Am  W  Kartwlr'  297  fact  la 
hntffry,  warraa(-d  bjr  bot*  aoAi^tic  tntMonj;  so  that  it  soald 
be  fiCfoH  vat  lo  ■vm«'*(r  (a  lacb  c*ide*oe,  e«f*  <liba»rt  «• 
coold  not  roaipftii  "iJ  how  it  w«e  poiwMe  for  ArfMiJil  to 
|«*r  coMlr^lfd  Mcfc  gtataef  :  bat  •««  that  tte  «jp*riawl«  of 
fttber  Kiix^r  aad  Mr.  ^  Bafeo  bare  vade  it  appueal,  Oat 
Bockioj  H  ■!  rt  eae*  ia  iW  eaecatiow,  Aaa  wkak  «a<ae  ^eatlnMS 
bate  dnied  ifcc  ywaJity  of;  what  oagbt  t^r  ta  tbiak  of  (be 
geotaf  of  ibai  awa,  ahav  ianaiieaL.  eata  I7  Ibctr  owa  Kroaatt, 
■orpan  lb'  raatgptJBa  at  ib^  ■*«  cekbratij  watbeaatiritA*  af 
oor  Aty^j  wlw  lUak  tbev  !■««  d-we  loM'tb'ag  veiy  eal/awJiaaiy, 
wbm  tbef  bare  ibe«ed  ttow»dw»  c>|<aU«>  af  iMtMiaf  ta  lawo 
dyie.  the  ■tetcbei  of  Ibaae  ffrU  MMMm,  of  «bo«.  bawevcr, 
tb*f  are  veiy  aa  aiHag  la  b>  lbaa<^  tfcf  A-^*  f 

A^a,  it  apfwar*  itot  tb«  aaorala  wre  ac^aa'at  \A  abb  re. 
fraUtn^  barm«E  c"-**** :  '"*'  ^^  ^^  *"  AfMacAna****  Cmmitif 
of  the  Claadt,  a  pa"i$*  abvdl  rfew'r  tr>.ti  •'  ibe  *M-^*  tf  flaoea 
^as'Ff.     Tbe  aiiULor  bifrala--**  4oer^to«  a*  •>-c«qM<*«fli;  4'r*psia>lM 
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and  Lacianfius  have  also  spoken  of  glasses  that  bamt  bj  refrac- 
tioii.  The  former  calls  them  balls  or  globes  of  glass,  or  chrystal, 
which  exposed  to  the  sun,  transmit  a  heat  sufficient  to  set  fire  to 
cloth,  or  corrode  away  the  dead  flesh  of  those  patients  who  stand 
in  need  of  caustics ;  and  the  latter,  after  Clemens  Alezandrinns, 
takes  notice  that  fire  may  be  kindled,  by  interposing  glasses  filled 
with  water,  between  the  sun  and  the  object,  so  as  to  transmit  the 
rays  to  it.  [^Duiens. 

Among  the  moderns  one  of  the  earliest  who  devised  a  burning 
mirror,  was  the  celebrated  Lord  Napier,  the  inventor  of  logarithms, 
who,  in  a  paper  containing  hints  of  secret  inventions,  dated  Jane  ^ 
3,  1596,  (tile  oriu'inal   of  which  is  now   among  the  MSS.  in  the 
Lambeth  library,  marked  658,  anno  1596),  says, 

^^  First ^  The  invention,  proof,  and  perfect  demonstration,  geo- 
metrical and  algebraical,  of  a  burning  mirror,  which  receiringof 
dispersed  beams  of  the  sun,  doth  reflex  the  same  beams  altogether 
united,  and  concurring  precisely  in  one  mathematical  point,  in  the 
which  point,  most  necessarily  it  engendereth  fire  ;  with  an  evident 
demonstration  of  their  error  who  nfTirm  this  to  be  made  a  parabolic 
section.  The  use  of  this  invention  serveth  for  the  burning  of  tht 
enemy's  sliips  at  whatsoever  a{>pointGd  distance. 

^'  Sccondij/n  Tiie  invention  ond  sure  demonstration  of  anotlier 
mirror,  which  receiving  the  dispersed  beams  of  any  material  fire, 
or  flame,  yieldeth  also  the  former  effect,  and  serveth  for  the  like 
use." 

Of  the  moderns,  the  most  remarkable  burning-glasses,  are  those 
of  Magine  of  30  inches  diameter  ;  of  Scpatala  of  Milan,  near  43 
Inches  diameter,  and  which  burnt  at  the  distance  of  15  feet;  of 
Settala,  of  Vilctte,  of  Tchirnhausen,  of  Buflbn,  of  Trudaine,  and 
of  Parker. 

That  of  M.  de  Villette  was  three  feet  eleven  inches  in  diameter, 
and  its  focal  distance  was  three  feet  two  inches.  Its  substance  is 
a  composition  of  tin,  copper,  and  tin.glass.     Some  of  its  effectS) 

as  found  by  Dr.  Harris  and  Dr,  Desaguliers,  are,  that  a  silver  six- 
pence melted  in  7|'';  a  King  George's  halfpenny  melted  in  lO', 
and  ran  in  34'^;  tin  melted  in  3^^^  and  a  diamond  weighing  4  grains, 
lost  f  ths  of  its  weight. 

That  of  M.  de  Buflfon  is  a  polyhedron,  six  feet  broad,  and  if 
many  high^  consisting  of  168  small  mirrours,  or  flat  pieces  of  look- 
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iog-gliss,  each  sii  inches  square ;  by  means  of  which,  with  the 
faint  rays  of  the  sun  in  the  month  of  March,  he  set  on  fire  boards 
of  beech  wood  at  150  feet  distance.  Besides,  his  machine  has 
the  coDTcniency  of  burning  downwards,  or  horizontally,  as  one 
pleases  ;  each  speculum  being  rooTeable,  so  as,  by  the  means  of 
three  screws,  to  be  set  to  a  proper  inclination  for  directing  the 
rays  towards  any  giren  point ;  and  it  turns  either  in  its  greater 
focus,  or  in  any  nearer  interval,  nhich  our  common  burning-glasses 
cannot  do,  their  focus  being  fixed  and  determined.  M.  de  Buffon, 
at  another  time,  burnt  wood  at  the  distance  of  200  feet.  He  also 
melted  tin  and  lead  at  the  distance  of  above  120  feet,  and  silfer 
at  50. 

Mr.  Parker,  of  Fleet. street,  London,  was  induced,  at  an  ex. 
pence  of  upwards  of  7C0/.  to  contrive,  and  at  length  to  complete 
a  large  transparent  lens,  that  would  serve  the  purpose  of  fusing 
and  vitrifying  such  substances  as  resist  the  fires  of  ordinary  fur. 
naces,  and  more  esjiecially  of  appl^in^  heat  in  yacno,  and  in  other 
circumstances  in  which  it  cannot  be  applied  by  any  other  means. 
After  directing  his  attention  for  ser^ral  years  to  this  object,  and 
performing  a  great  variety  of  experiments  in  the  prosecution  of  it, 
he  at  last  succeeded  in  the  construction  of  a  Ifrus,  of  fiiDU^UiSy 
three  feet  in  diameter,  which,  when  fixed  in  its  frar.e,  ei^/OM-s  a 
surface  of  32  inches  in  the  clear;  the  d'stance  of  the  focj^  ii  0 
feet  8  inches,  and  its  diameter  1  inch.  The  r3y«  from  this  large 
lens  are  received  and  transmitted  through  a  i.'Li!!>r,  ot  IS  inches 
diameter,  in  the  clear  within  the  frame,  its  foc&I  length  2^  ir*cb«i, 
and  diameter  of  its  focus  |ths  of  an  inch  :  %o  th)t  thi)  Hrcond  l«n« 
increases  the  power  of  the  former  more  than  7  timetj  or  as  the 
sqoare  of  8  to  the  square  of  3. 

From  a  great  number  of  experiments  ma/2e  with  this  I^mt,  the 
following  are  selected  to  serve  as  >pecini«t;i  of  its  powers  : 


ia  of  wrought  iron 
G>aiiion  slate 
SilTer,  pare 
Platina,  pare 
Nickel 
Cast  iron,  a  cnbo   . 


2  «•  n 

2  ;  10 

3  i  y^ 

3  10 

3  I  If, 

3  JO 


■  m* 
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Substmneet  fiutd  f  with  their  weighty  mnd  time  ofJu$i9m. 


Kearsh  • 

Gold,  pure  • 

Crystal  pebble 

Cauk,  or  terra  ponderot a 

Lara 

Asbestos  « 

Bar  iron,  a  cube  • 

Steel,  a  cube        • 

Garnet  , 

Copper,  pure 

Onyx  . 

Zeolites  •  , 

I  Pumice  stone  • 

Oriental  emerald  • 

Jasper  •  • 

White  agnte         •  • 

Flint,  oriental  • 

Topaz,  or  chrysolite         • 
Common  limestone 
White  rhomboidal  spar 

I  Volcanic  clay 

Cornish  moorstone         • 
Rough  cornelian 

(Rotten  stone         •  • 


Til 
in  sec. 


Wgt. 
in  gn. 


3 
4 

6 

7 

7 

10 

12 

13 


10 
20 
7 
10 
10 
JO 
10 
10 


17  10 


20 

33 

23 

10 

23 

10 

24 

10 

25 

2 

25 

10 

30 

10 

30 

10 

45 

3 

55 

10 

60 

10 

60 

10 

60 

10 

75 

10 

80 

10 

What  is  remarkable  with  regard  to  experiments  on  iron,  is,  that 
the  lower  part,  t.  e.  that  part  in  contact  with  the  charcoal,  wu 
first  melted,  when  that  part  which  was  exposed  to  the  focus  re* 
mained  un fused  :  an  etidence  of  the  effect  of  flux  on  this  metal. 

SeTeral  of  the  semi-crystalline  substances,  exposed  to  the  focal 
heat,  exhibited  symptoms  of  fusion :  such  as  the  agate,  oriental 
flint,  cornelian,  and  jasper ;  but  as  the  probability  is,  that  these 
substances  were  not  capable  of  complete  vitrification,  it  is  enongh 
that  they  were  rendered  externally  of  a  glassy  form.  Garnet 
completely  fused  on  blaclulead  in  120^',  lost  {th  of  a  grain,  became 
darker  in  colour,  and  was  attracted  by  the  magnet.  Ten  cut  gar* 
nets  taken  from  a  bracelet,  began  to  run  the  one  into  the  other  in  a 
few  seconds,  and  at  last  formed  into  one  globular  garnet.  The 
clay  used  by  Mr.  Wedgwood,  to  make  his  pyrometric  test,  run  ia 
a  few  seconds  into  a  white  enamel.  Seten  other  kinds  of  clay 
aent  by  Mr.  Wedgwood^  w«re  all  Titrifiedt    Sereral  experimeDtf 
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were  made  on  limestone,  some  of  which  were  Titrified.,  bat  all  of 
which  were  agglutinated  ;  it  is,  howerer,  suspected  that  some  ex- 
traneous substance  must  have  been  intermixed.  A  globale  pro- 
duced  from  one  of  the  specimens,  on  being  put  into  the  mouth, 
flew  into  a  thousand  pieces,  occasioned,  it  is  presumed,  by  the 
moisture. 

IPanioiogia, 


CHAP.  V. 

GENERAL  ARCHITECTURE  AND  MECHANICAL  SCIENCES. 

SECTION    I. 

Architecture  and  Mechanical  Sciences  of  the  Ancient $• 

xVrciiimedes  alone  would  afford  soflicieDt  matter  for  a  vol  a  me, 
in  giving  a  detail  of  the  manrellons  discoreries  of  a  genius  so 
profound,  and  fertile  io  inveotioD.  We  bafe  seen  io  the  pre- 
ceding chapters,  thai  some  of  his  discoferies  appeared  to  much 
above  the  reach  of  men,  that  maaj  of  the  learned  of  our  dayi 
found  it  more  easy  to  call  them  io  doubt,  thin  eTco  to  imagine  the 
means  whereby  he  had  acquired  tbem.  We  are  again  goinz  to 
produce  proofs  of  the  fecundity  of  genius  belonging  io  this  cle. 
b rated  man  ;  and  in  how  high  a  degree  of  excellence  he  possessed 
this  ioTentife  faculty,  may  easily  be  judged  of  by  the  gr«:atn«rss  of 
those  eTents  which  were  effected  by  it.  Leibniti,  who  waf  one  of 
the  greatest  mathematicians  of  his  age,  did  justice  to  the  feoiu 
of  Arclumedes  when  he  said,  that  if  we  were  better  acquainted 
with  the  admirable  productions  of  that  great  man,  we  would  throw 
awaj  much  leu  of  our  applause  on  the  diseorefies  of  emineot 
aodems. 

WalUs  also,  in  speaking  of  Arc!*InMdes,  eallf  him  a  man 
4if  admirable  sagacity,  who  laid  the  foundation  of  almost  all  those 
inventions,  which  our  age  glories  io  baring  brought  to  perfection* 
In  reality,  what  a  glorious  light  hath  be  diffused  o\^t  the  mathe. 
natics,  in  his  attempt  to  square  the  circle;  and  in  diecovering  tha 
square  of  the  parabola,  the  properties  of  spiral  lines,  the  propor- 

TOL.  Tl.  3  M 
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lion  of  the  sphere  to'the  cylinder,  and  the  true  principles  of  sttticf 
and  hydrostatics  ?  What  a  proof  of  his  sagacity  did  be  gife  in  dis. 
coTcring  the  quantity  of  silver,  that  was  mixed  along  with  thegoMi 
in  the  crowu  of  King  Flierem  ;  whilst  he  reasoned  upon  that  pria. 
ciple,  that  all  bodies  immersed  in  water,  lose  just  so  mocb  of  their 
weight,  as  a  quantity  of  water  equal  to  them  in  bulk  weighs? 
Hence  he  drew  this  consequence,  that  gold  being  more  compact, 
must  lose  less  of  its  weight,  and  silver  more  ;  and  that  a  mingled 
mass  of  both,  must  lose  in  proportion  to  the  quantities  mingled. 
Weighing  therefore  the  crown  in  water  and  in  air,  and  two  masses, 
the  one  of  gold,  the  other  of  silver,  equal  in  weight  to  the  crowD; 
he  thence  determined  what  each  lost  of  their  weight,  and  so  re* 
solved  the  problem.  He  likewise  invented  a  perpetual  screw, 
valuable  on  account  of  its  being  capable  to  overcome  any  resist- 
ance ;  and  the  screw,  that  still  goes  by  his  own  name,  used  in  ele. 
vating  of  water.  He,  of  himself  alone,  defended  the  city  of 
Syracuse,  by  opposing  to  the  efforts  of  a  Roman  general,  the  re- 
sources  he  found  in  his  own  genius.  By  means  of  many  tariooi 
warlike  machines,  all  of  his  own  construction,  be  rendered  Syra. 
cusc  inaccessible  to  the  enemy.  Sometimes  he  hurled  upon  their 
land.forces  stones  of  such  an  enormous  size,  as  crushed  whole 
bodies  of  theoi  at  once,  and  put  the  whole' army  into  confusioo. 
And  when  they  retired  from  the  walls,  he  still  found  means  to 
annoy  them  ;  for  with  catapults  and  balistx,  he  overwhelmed  tbem 
with  arrows  innumerable,  and  beams  of  a  prodigious  weight.  If 
their  vessels  approached  the  fort,  he  seized  them  by  the  prows  witk 
grapples  of  iron,  which  he  let  down  upon  them  from  the  wall,  lod 
rearing  them  up  in  the  air,  to  the  great  astonishment  of  eveiy 
body,  shook  them  with  such  violence,  as  either  to  break  tbem 
in  pieces,  or  sink  them  to  the  bottom.  And  when  the  Ronus 
thought  of  sheltering  themselves  from  his  pursuit,  by  keeping  tti 
distance  from  the  haven,  be  borrowed  fire  from  heaven,  and  aided 
by  his  own  ingenuity,  wrapped  them  in  sudden  and  inevitable  coiu 
flagration,  as  we  have  seen  in  a  preceding  chapter. 

The  superior  knowledge  he  had  in  sciences,  and  his  confident 
in  the  powers  of  mechanism,  prompted  him  once  to  say  to  Klof 
Uieron,  who  was  his  patron,  admirer  and  friend ;  give  me  but  soot 
other  place  to  stand  upon,  and  I'll  set  the  earth  itself  in  motioa: 
and  when  the  king,  amazed  at  what  he  had  said,  seemed  to  be  lA 
keiitation :  he  gave  him  a  striking  proof  of  the  possibility  of  whK 
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h«  had  adranced,  by  launch'ng  singly  by  himself  a  ship  of  a  prodi. 
gious  size.  He  built  likewise  for  the  kio^  an  immense  galley,  of 
twtnty  banks  of  oars,  containing  spacious  apartments,  e^rdt-ns, 
walks,  ponds,  and  all  other  conveniences  suitable  to  the  dignity  of 
B  grvat  King.  He  constructed  als3  a  sphere,  repress  n'in^  the 
■otions  of  the  stars,  vihich  Cicero  esteemed  one  of  the  inventions 
wUch  did  the  highest  honour  to  human  genius.  He  perfected  tho 
■anner  of  augmenting  the  mechanic  powers  by  the  multiplicatiua 
•f  wheels  and  pulliis  ;  and,  in  short,  carried  mechanics  so  far,  that 
the  works  he  produced  of  this  kind,  even  surpass  imagination. 

Nor  was  Archimedes  the  only  one  who  succeeded  in  mechanics. 

The  immense  machint  s,  and  of  such  astonishing  force,    as  were 

Ihoae  which  the  art  of  the  ancients  adapted  to  the  purpoM-s  of  war, 

ire  a  proof  they  came  nothing  behind  us  in  this  respect.     It  is  with 

dficolty  we  can  conceive  how  they  reared  those  bulky  moving 

ivwers,  an  hundred  aud  fifty.two  feet  in  heigh th,  and  siity  in  com. 

ly  ascending  by  many  stories,  having  at  bottom  a  battering  ram, 

ichine  of  strength  sufficient  to  beat  down  walls ;  in  the  middle  a 

bmw.bridge,  to  be  let  down  upon  the  wall  of  the  city  attacked,  in 

Bitler  to  open  a  passage  into  the  town  for  the  assailants  ;  and  at  top 

ibody  of  men,  who,  bein^  placed  above  the  besieged,  harrassed 

tham  without  running  any  risk.     An  ancient  historian  ha'h  trans. 

■ritted  to  us  an  action  of  an  engineer  at  Alexandria,  which  deserves 

ft  place  here^     In  defending  that  city  against  the  army  of  Juliuk 

Cxaar,  who  attacked  it,  he  by  means  of  wheels,  pumps,  and  other 

■MChines,  drew  from  the  sea  a  prodigious  quantity  of  water,  nhich 

\b  afterwards  turned  upon  the  adverse  army  to  their  extreme  annoy- 

BBCC*     In  short,  the  art  of  war  gave  occasion  for  a  great  number 

«f  proofs  of  this  ki^d,  which  cannot  but  excite  in  us  tite  highest  idea 

of  the  enterprizinggf-niusof  the  ancients,  and  the  vigour  with  which 

Aej  put  their  designs  in  execution.     The  invention  of  pumps  br 

Ctesibius  ;  and  that  of  water-clocks,  automatical  figures,  wind* 

■achines,  cranes,  kc,  by  Heron,  who  lifed  in  the  second  century; 

•ad  the  other  discoveries  of  (he  Grecian  geometricians,  are  so  very 

■Mineroas,  that  it  would  exceed  the  limits  of  a  chapter,  tTen  to 

aention  them. 

Should  we  pass  to  other  considerations^  we  shall  find  equally  in« 
contestable  evidenc*  s  of  greatness  of  genius  amon^  the  ancients,  ia 
the  difficult,  and  indeed  astonishing  enterprizes.  in  which  th*y  so 
asccessfully  engaged.    Egypt  and  Palestine  still  present  us  with 

3u2 
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proofs  of  this,  the  one  in  its  pyramids,  the  other  in  the  rninsof 
Palmyra  and  Balbcc*.  Italy  is  filled  with  monuments,  and  thf 
ruins  of  monuments,  which  aid  us  in  comprehending  the  former 
magnificence  of  that  people  ;  and  ancient  Rome  ewen  now  attrtcts 
much  more  of  our  admiration  than  the  modern. 

The  greatest  cities  of  Europe  give  but  a  faint  idea  of  thatgnn- 
deur,  which  all  historians  unanimously  ascribe  to  the  famous  dtj 
of  Babylon,  which  being  fifteen  leagues  in  circumference,  wis  en- 
compassed with  walls  two  hundred  feet  in  height,  and  Afty  n 
breadth,  whose  sides  were  adorned  with  gardens  of  a  prodigioa 
extent,  which  arose  in  terasses  one  above  another,  to  the  itrj 
summit  of  the  walls  ;  and  for  the  watering  of  those  gardens  they 
had  contrifed  machines,  which  raised  the  water  of  the  Eupbrttes 
to  the  very  highest  of  those  terrasses ;  a  height  equalling  that  to 
which  the  water  is  carried  by  the  machine  of  Marly.  The  tower 
of  Belus,  arising  out  of  the  middle  of  a  temple,  was  of  so  vast  a 
height,  that  some  ancient  authors  have  not  ventured  to  assign  tht 
measure  of  it ;  others  put  it  at  a  thousand  paces. 

Ecbatane,  the  capital  of  Media,  was  of  immense  magnificence, 
being  eight  leagues  in  circumference,  and  surrounded  with  seven 
walls,  in  form  of  an  amphitheatre^  the  battlements  of  which  were 
of  various  colours,  white,  black,  scarlet,  blue,  and  orange ;  bat 
all  of  them  covered  with  silver  or  with  gold.  Persepolis  was  also 
a  city,  which  all  historians  speak  of  as  one  of  the  most  ancient 
and  noble  of  Asia.  There  remain  the  ruins  of  one  of  its  palaces, 
which  measured  six  hundred  paces  in  front,  and  still  displays  tbe 
relics  of  its  ancient  grandeur. 

The  lake  of  Mocris  is  likewise  a  striking  proof  of  the  vast  no* 
dertakings  of  the  ancients.  All  historians  agree  in  giving  it  iboTe 
an  hundred  and  fifty  leagues  in  circuit;  yet  was  it  entirely  tbc 
work  of  one  Egyptian  king,  who  caused  that  immense  compass  of 
ground  to  be  hollowed,  to  receive  the  wafers  of  the  Nile,  when  it 
overflowed  more  than  ordinary,  and  to  serve  as  a  reserroir  for 
watering  Egypt  by  means  of  its  canals,  when  the  overflowing  of 
the  ri?er  was  not  of  height  sufhcient  to  enrich  the  country.  Out 
of  the  midst  of  this  Lake^  arose  two  pyramids,  of  about  six  boil- 
dred  feet  in  height. 

•  It  is  proper  to  remark  that  the  temples  and  immense  palacet  of  Palnntti 
whose  roagoifirence  surpanes  all  other  boildinp  in  the  world,  appear  to  tun 
been  built  at  the  time  when  architecture  was  in  its  decline. 
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The  other  pyramids  of  (^ypt,  in  Ihctr  Inrgeness  anil  solidity,  so 
fmr  surpass  whatever  we  know  of  edifices,  that  we  should  be  ready 
to  doubt  of  ihe  reality  of  their  haiing  ever  evisted,  did  they 
not  still  siibfiat  to  this  day,  Mr.  de  Chczelc,  of  the  Academy 
of  Sciences,  who  travelled  into  I'-gypt  to  measure  them,  asMigng 
to  one  of  Ihe  sides  of  the  base  of  ihe  highest  pyramid,  n  length 
of  sii  hiindrtd  and  sixty  feet,  which  reduced  to  its  perp'^ndicu. 
lar  altitude,  makes  four  hundred  siily  and  six  feet.  The  free. 
itanes,  of  which  it  is  composed,  are  each  of  then)  thirty  feet  long; 
10  Utat  we  cannot  imagine  how  ihe  Egyptians  found  means  to  rear 
nch  heavy  masses  to  so  prodigious  a.  height. 

The  Colossus  of  Rhndes  was  another  of  the  marvellous  prodac> 
flatti  of  the  ancients.  To  gi»e  an  idea  of  its  etcesHve  bigness,  it 
■ced  only  be  observed,  that  the  fingers  of  it  were  as  lorge  as  sta. 
Ibm,  and  very  few  were  able,  with  outstretched  arms,  to  encom- 
paw  the  thumb*. 

lo  short,  what  shall  we  say  of  the  other  structures  of  the  anci- 
mtBf  which  still  ri'miin  to  be  spoken  uf  f  Of  their  cement,  which 
Id  hardness  equalled  even  marble  Itself;  of  the  firmness  of  their 
llighways,  some  of  which  were  paved  with  large  blocks  of  black 
Barbie;  and  of  their  bridges,  some  of  which  still  subsist  irrefra. 
gkble  moDumenlsof  the  greatness  of  their  conceptioDS?  The  bridge 
■tCard,  three  leagues  from  Nimes,  is  one  of  them.  It  serves  at 
once  as  a  bridge  and  an  aqueduct.  It  goes  across  the  river  Gar- 
don,  and  joins  together  the  two  mountalnl,  between  which  it  is 
inclosed.  It  compreliends  three  stories  ;  the  third  is  Ihe  aqueduct, 
which  conveys  the  waters  of  the  Eure  into  a  great  reservoir,  which 

•  Plin.  baakSl,  clinp.  T.and  Dindonii  Siculiu,  book  «,  rrlatP  (hat  Scnilra- 
■i*  nadr  ihe  nunnliin  B3>i>(aii,  bplwirra  Babylon  and  Media,  be  cul  out  into 
■  itatne  at  iitnelt,  which  wna  ict«nlren  ttadet  liich;  that  Is,  ahovi!  half  a 
FniKh  kapit !  and  arnnnd  ii  were  nn  hundred  other  tialuri,  of  propoiiion- 
■Mc  (iar,  Ihonch  tcM  targe.  And  Plalarcb,  vol.  S.  p.  SS%  tpeaki  of  a  very 
gMal  undertaking  which  one  &t«lt:mtei  proposed  to  Alexander;  vii.  lo  iD.ike 
m  Matoe  at  bim  out  of  Mount  Athoi,  which  would  have  been  an  hundred  and 
iftj  niln  In  circumference,  and  about  li;n  in  height,  ilii  daign  was  to  make 
ki«  bald  In  bit  left  hand  f  eilf ,  Urge  enough  to  contain  ten  thomand  inbabit- 
lUU;  noil  in  the  other  an  urn,  oat  nf  vhich  ihoiild  flnw  a  river,  poured  b])  him 
lata  Ihr  ten,  Hee  alia  the  ume,  Pliilareh,  vol,  I,  p.  705,  in  Ihe  Life  of  Atei- 
uder.  Vitnivini,  ia  the  preface  la  bi>  Sd  Bnak,  fiiet  to  ibis  statuary  Ihe 
aaoK  of  Dinacraiet.  Slrabo,  lib,  14,  y,  Ml,  colbhim  ChiromacTStet.  Thiici, 
Chiliad,  S,  199. 
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upplies  (he  amphitheatre  and  city  of  Nimens.  The  bridge  of 
Alcantara,  upon  th(>  Tagus,  is  still  a  work  fit  to  raise  in  as  a  grtat 
idea  of  the  Roman  magnificence:  it  is  six  hundred  and  seTentj 
feet  long,  and  contains  six  arches,  each  of  uhich  measure  aborea 
hundred  feet  from  onp  pier  to  the  other ;  and  its  height  from  the 
Surface  of  the  water  is  two  liundred  ft'et.  The  broken  remains  of 
Trajan^s  bridge  over  the  Danube,  are  still  to  be  seen  ;  which  hid 
twenty  piers  of  free  stone,  some  of  which  are  still  standing,  a  hoi. 
dred  and  fifty  feet  high,  sixty  in  circumference,  and  distant  one 
from  another  an  hundred  and  seventy.  I  should  neTer  end,  wert 
I  to  enumerate  all  the  admirable  monuments  left  us  by  the  and* 
ents  ;  the  slight  sketch  here  gifen  of  them,  will  mor«*  tlian  suffice 
to  answer  my  purpose.  As  to  the  ornaments  and  conTenienries  of 
their  buildings,  among  many  I  shall  mention  but  one,  that  of  their 
using  glass  in  their  windows,  and  in  the  inside  of  their  aparlinentt| 
just  in  the  same  manner  as  we  do.  Seneca  and  Pliny  inform  u, 
that  they  decorated  their  rooms  i/vith  glasses  ;  and  do  not  i»e  the 
same  in  the  use  of  mirrors  and  pier  glasses  ?  But  what  will  more 
shock  the  general  prejudices  is,  that  they  should  know  bow  to 
glaze  their  windows,  so  as  to  enjoy  the  benefit  of  light,  without 
being  injured  by  the  air;  yet  this  they  did  very  early.  Before 
they  discovered  this  manner  of  applying  glass,  which  id  so  d«  light* 
ful  and  so  commodious,  the  rich  made  use  of  transparent  stones  ie 
their  windows  such  as  the  agat,  the  alabaster,  the  phengites,  the 
talcum,  &c.  whilst  the  poor  were  under  a  necessity  of  being  ei* 
posed  to  all  the  severities  of  wind  and  weather. 

If  we  admire  the  ancients  in  those  monuments  which  remain  to 
us  of  the  greatness  of  their  undertakings,  we  shall  have  no  Ifsf 
reason  for  wonder  in  contemplating  the  dexterity  and  skill  of  thiir 
artists,  in  works  of  a  quite  .diflfereut  kind.  Their  works  in  minii. 
ture  are  well  deserving  of  notice.  Archytas,  who  was  conteu  po- 
rary  with  Plato,  is  famous  in  antiquity,  for  the  artful  strut  tun*  of 
his  wooden  pidgeon,  which  imitated  the  flight  and  motions  of  i 
living  one.  Cicero,  according  to  Pliny *s  report,  saw  the  whole 
Iliad  of  Homer,  written  in  so  fine  a  character  that  it  could  be  con« 
tained  in  a  nut  shell :  and  ^]lian  speaks  of  one  M}  rmecides  a  Mile- 
sian, and  of  Callicrates  a  Lacedemonian,  the  first  of  whom  mide 
an  ivory  chariot,  so  small  and  so  delicately  framed,  that  a  fly  with 
its  wiing  could  at  the  same  time  cover  it,  and  a  little  ivory  ship  of 
the  same  dimensions;  the  second  formed  aots  and  other  little  aoi* 


ARCHITECTtIKE  AND  MECHANICAL  SCIBNCES.      471 

Ktals  out  of  itory,  which  were  so  cxlrcmely  sriiII,  that  their  com. 
podent  purls  trerc  scarcely  to  be  distinguUhed.  He  says  also  iit 
the  iMtae  place,  that  oue  of  thosp  artists  wrote  a  disiilch  ia  golden 
letters,  which  he  tnclosed  in  the  rind  of  a  grain  of  corn. 

It  is  natural  here  to  enquire,  wht'iher  in  such  undertakings  as  our 
best  artists  cannot  accomplith  without  the  assistance  of  microscopes, 
ihe  ancienia  hud  no  such  aid  ;  and  the  result  of  this  reiearch  will  be 
that  they  had  several  ways  of  helping  the  sight,  of  strenglhening  it, 
and  uf  magnifying  small  olijects.  Jamblichus  says  of  I'ythagoras,  . 
that  he  applied  himself  to  lind  out  instruments  as  efficacious  to  aid 
the  hearing,  as  a  ruler,  or  a  square,  or  even  optic  glasses,  Siirrpx, 
vrtre  to  Ihe  sight.  Plutarch  speaks  of  mathematical  iustrumenU 
which  Archimedes  made  use  of,  to  manifest  to  the  eye  the  large. 
neu  of  the  sun  ;  which  may  be  meant  of  Telescopcsi  Aulus  Gel- 
lins  baring  spoktn  of  mirrors  that  multiplied  objects,  makes  men. 
tiou  of  thuse  which  inverted  them  ;  and  these  of  course,  nnsi  be 
concave  or  convex  glasses.  Pliny  says,  that  in  his  tirae,  artificers 
madir  use  of  emeralds  lo  assist  their  sight,  in  works  that  require  a 
nice  eye  ;  and  to  prevent  us  from  Ihiuking  that  it  was  on  account 
of  its  green  colour  only  that  he  hod  recourse  to  it,  he  adds,  that 
they  were  made  concave,  the  better  to  collect  the  visual  rays  ;  and 
tfaal  Nero  made  use  of  them  in  viewing  Ihe  combats  of  the  Gladia. 
ton.  lu  short,  Seneca  is  very  full  and  clear  upon  this  head,  when 
be  aajt,  that  Ihe  smallest  characters  in  writing,  even  such  as  almost 
iolirely  escape  the  naked  eye,  may  easily  be  brought  to  view  by 
means  of  a  little  glass  ball,  filled  with  water,  which  had  all  the 
effiact  of  a  microscope,  in  rendering  them  large  and  clear ;  and 
indeed  ihi^  was  Ihe  very  sort  of  microscope  that  Mr.  Gray  made 
us«  of  in  his  observations.  To  all  this  add  the  burning  glasses 
made  mention  of  before,  which  were  in  reality  magnifying  glasses  ; 
lOr  could  this  property  of  them  remain  unobserved. 

IDulenf. 

SECTION    II. 

Comparative  Vies/  of  the  Architetilurc  of  different  Agtt. 

That   architecture  is  of  great  antiquity  is  undeniable.     But 

Ac  primitive  buildings  were  very  dilTerent  from  the  specimens  of 

Brchilectnre  we  now  meet  wiih  in  civilized  counlries.     In  those 

Liales  which  seem  to  have  l>een  the  first  inhabited  parU  of 


1 
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this  globe,  mankind  stood  more  in  need  of  sbade  from  the  s«i  thn 
of  shelter  from  the  inclemency  of  the  weather.  A  Yerj  small  addi. 
tion  to  the  shade  of  the  woods,  serred  them  for  a  dwelling.  Sticks 
laid  across  from  tree  to  tree,  and  covered  with  brushwood  aod 
leaves^  formed  the  first  houses  in  those  delightful  regions.  As  pa* 
ptil.ition  and  the  arts  improfed,  these  huts  were  gradually  refined 
into  commodioQS  dwellings.  The  materials  were  the  same,  but  more 
artfully  put  together.  At  last  agriculture  led  the  inhabitants  oat 
of  the  woods  into  the  open  country.  The  connection  between  tlie 
inhabitant  and  the  soil  became  more  constant  and  more  interestiog. 
The  wish  to  preserve  this  connection  was  natural,  and  fixed  estalu 
lishments  followed  of  course.  Durable  buildings  were  more  desir. 
able  than  those  temporary  and  perishable  cottages,  stone  was  sub- 
stituted for  timber.  But  as  these  improved  habitations  were  gn« 
dual  refinements  on  the  primitive  hut,  traces  of  its  construction  re* 
mained,  even  when  the  choice  of  more  durable  materials  made  it  ia 
some  measure  inconvenient.  Thus  it  happens  that  the  trunks  of 
trees,  upright,  represent  columns ;  the  girts  or  bands,  wbicb 
serve  to  keep  the  trunks  from  bursting,  express  bases  and  ctpi- 
tals  ;  and  the  summers,  laid  across*,  ga? e  a  hint  of  entablatures :  as 
the  coverings,  ending  in  points,  did  of  pediments. 

We  shall  not  enter  minutely  into  a  history  of  the  progress  of  ir* 
chitecture  ;  but  shall  shew  that  the  abo^e  view  of  ornamental  arciii* 
tecture  will  go  far  in  accounting  for  some  of  the  more  general  dif- 
ferences of  national  style  which  may  be  obserred  in  different  parti 
of  the  world.  The  Greeks  borrowed  many  of  their  arts  from  tbaf 
Asiatic  nf  ii;hbours,  who  bad  cultivated  them  long  before.  It  is 
highly  probable  that  architecture  trafelled  from  Persia  into  Greece, 
lu  the  ruins  of  Shushan,  Persepolis,  or  Tehiminar,  are  to  be  seei 
the  first  models  of  every  thing  that  distinguishes  the  Grecian  aKhi- 
tecture.  There  is  no  doubt,  we  suppose,  among  the  learned,  «i 
to  the  great  priority  of  these  great  monuments  to  any  thing  that 
remains  in  Greece ;  especially  if  we  take  into  account  the  tombs  of 
the  mountains,  which  have  every  appearance  of  greater  antiquity 
than  the  remains  of  Persepolis.  In  those  tombs  we  see  the  whole 
ordonnance  of  column  and  entablature,  just  as  they  began  to  de- 
viate from  their  first  and  necessary  forms  in  the  wooden  buildings. 
We  have  the  architrave,  frize,  and  corniche ;  the  far.projectiag 
mutules  of  the  Tqscan  and  Doric  orders  ;  the  modillions  no  less 
distinct ;  the  rudiments  of  the  Ionic  capital ;  the  Corinthian  capi* 
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till  ill  perfecliun,  poiuttitg  out  Ibe  very  origin  of  (liis  ornameat, 
*iz.  a  nanber  uf  long  grat:eriil  IcaTcs  tied  touud  the  head  of  the 
coluiDo  wilti  3  Glkt ;  a  cus(um  which  ue  know  was  commoii  in  Ihtir 
ttmplps  iuiil  banqueting  rooms.  Where  the  distance  between  Iha 
rolumni  is  great,  so  that  each  had  to  support  a  weight  too  great  far 
one  tree,  we  see  the  columns  clustered  or  (luted,  fiC.  In  short, 
we  ipe  CTcry  Ihint!  of  the  Grecian  architecture,  bul  the  sloped  roof 
or  pcdimonl;  a  thing  not  wanted  in  a  country  where  it  Iiardlj 
ercr  rains.  In  the  slone- buildings  uf  the  Greeks,  the  roofs  wera 
imiUtions  of  the  wooden  ones ;  hence  the  lintels,  flying  coraichei, 
ceilings  in  comparlmetits,  &c. 

The  BDcii:nt  B^yptiiD  archilecture  seemi  to  be  a  reSueraeot  on 
the  hut  built  of  day,  or  unburnt  bricks  mixed  with  straw  :  every 
rbing  h  masu'rv,  clumsy,  and  timid ;  small  inttrcolumniations,  and 
hardly  any  projections. 

The  Arabian  architecture  teem  a  refinement  on  the  tent.  A 
tDoique  is  like  a  liitle  camp,  consifting  of  a  number  of  little  bell 
tenU,  stuck  close  together  round  a  great  one.  A  carSTansary  is  a 
court  SDrrounded  by  a  row  uf  such  tents,  each  having  id  own 
done.  The  Greek  church  of  St.  Sophia  at  Constantinople  Itu 
j^tatetl  Ihii  in  game  degree;  and  the  copies  from  it,  which  bars 
been  mnltiplied  in  Kuisia  as  the  sacred  form  of  a  Christian  cboccli, 
htrc  ftdhered  to  the  original  tnadel  of  clustered  lenti  in  the  i(fict< 
Mt  manner.  ^Ve  are  sometimes  disposed  (o  tliiok  that  the  painted 
glass  (■  fashion  brought  from  the  eutj  was  an  imitation  uf  tba 
pointed  hangings  of  the  Ar^bs. 

TheChinesv  architectare  is  an  eWdeDl  imitation  of  t  wooden 
bnilding.  Sir  George  Slaunlon  S3\ s,  that  tlie  tiogular  fonn  of  ibctr 
roob  ii  a  profe^ied  imitation  of  (lie  cover  of  a  Mjuare  lent. 

The  great  incorpcra'iun  of  architects  who  built  most  of  thi>  da 
Ihedralsaf  Europe  departed  entirely  from  ibe  (tyle*  of  ancient 
Gr«ece  and  Home,  and  introduced  anolbrr  in  wtiirh  arcades  oado 
the  principal  pari.  Not  finding  in  etery  place  nuutift  (torn  whieli 
Uocks  could  be  raised,  in  abgadance,  o(  lafficseal  siM  for  foraJof 
the  far.projectio^  curaiche*  ot  ihrGrcrk order*,  llvy  relinqaisbfd 
Cboie  proporlioiM,  and  adopted  •  iiyk  of  oramwat  aliief)  nqaii^ 
no  eueli  projection^  :  aad  haling  lutf-titalad  wchrs  Ivr  Um  JMfl> 
SOnlal  srflhitrave  or  iinltl,  iln-jr  wer*  aMe  (•mctbaUilingaof  vMt 
vilent  widi  spacioBi  optnitt^,  and  all  iWa  villi  nrf  tmmU  piMM 
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of  stone.  The  form  which  had  been  adopted  for  a  ChriftiaD  tenu 
pie  occasioned  many  intersections  of  vaaltings,  and  moltiplied  the 
arches  exceedingly.  Constant  practice  afforded  opportunities  of 
givini;  all  possible  Tarleties  of  these  intersections,  and  taught  the 
art  of  balancing  arch  against  arch  in  every  variety  of  situation.  In 
a  little  time  arches  became  (heir  principal  ornament,  and  a  waller 
ceiling  was  not  thought  properly  decorated  (ill  it  was  filled  full  of 
mock  arches,  crossing  and  butting  on  each  other  in  eTery  direc. 
tion.  In  this  process  in  their  ceilings  these  architects  found  that 
the  projecting  mouldings,  which  we  now  call  the  Gothic  tracery, 
formed  the  chief  support  of  the  roofs.  The  plane  surfaces  included 
between  those  ribs  were  commonly  vaulted  with  very  small  stones, 
seldom  exceeding  six  or  eight  inches  in  thickness.  This  tracery, 
therefore,  was  not  a  random  ornament.  Every  rib  bad  a  position 
and  direction  that  was  not  only  proper,  but  even  necessary.  Us. 
bituated  to  this  scientiGc  arrangement  of  the  mouldings^  they  did 
not  deviate  from  it  whrn  they  ornamented  a  smooth  surface  with 
mock  arches  ;  and  in  none  of  the  highly  ornamented  ancient  build- 
ings shall  we  find  any  false  positions.  This  is  far  from  being  the 
case  in  most  of  the  modern  imitations  of  (his  species  of  architecture. 

We  call  the  middle  ages  rude  and  barbarous,  and  give  to  their 
architecture  the  appellation  Gothic;  but  there  was  surely  mach 
knou ledge  in  (hose  who  could  eiecute  such  magnificent  and  difficult 
works.  The  more  appropriate  terms,  we  conceive,  would  be  those 
of  Saxon  and  Norman  architecture,  at  least,  so  far  as  relates  to 
such  works  in  Britain ;  giving  the  first  term  to  that  kind  distin- 
guished by  the  circular  arch,  and  the  latter  to  that  distinguished 
by  the  pointed  arch :  for  under  the  guidance  of  these  respectire 
nations  did  each  kind  principally  display  its  grandeur  and  peca* 
liarities. 

The  architects  of  whom  we  now  speak  do  not  appear  to  biie 
studied  the  theory  of  equlibrated  arches :  but,  for  a  long  period, 
they  adopted  an  arch  which  was  very  strong,  and  permitted  con- 
siderable irregularities  of  pressure ;  we  mean,  the  pointed  arch. 
The  very  deep  mouldings  with  which  it  was  ornamented,  made  the 
arch.stones  very  long  in  proportion  to  the  span  of  the  arch.  They 
had,  however,  with  great  care,  studied  the  mutual  dependence  of 
arches  on  each  other ;  and  they  contrived  to  make  every  invention  for 
this  purpose  become  an  ornament,  so  that  the  eye  required  it  as  a 
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necessirj  part  of  the  baildin;.  Thus  we  fr^iieiit!3r  see  null  build- 
ings baving  buttresses  on' the  sides  Tbe<e  are  oece^sarj  ia  a  large 
Yaulted  building,  for  withstanding  the  outward  thrust  ofih»-  Titlting ; 
but  they  are  useless  when  there  b  a  flat  ceiJio;  within.  Pinn&rles 
on  the  heads  of  buttresses  are  now  considered  as  omaaient«; 
but  originally  thej  were  put  there  to  increase  the  wizht  of  the 
buttress:  eren  the  great  Cower  in  the  c«-ntre  of  a  citbedral,  w?iicb 
now  coniinues  it«  ch:ef  omamenr,  U  a  Toad  almost  in  Ji»pen«abljr  ne- 
cessary, for  enabling  the  four  principal  colnnnt  to  withstand 
the  combined  dt-pf-ndc-oces  of  the  ai«le«.  of  the  nates,  and  transepts. 
In  short,  the  more  closely  we  eiamine  the  oreamenu  of  this  arcfai. 
lecture,  the  more  shiU  we  perceive  that  fbey  are  essential  parts, 
or  derired  from  them  by  imitation  :  and  the  more  we  consider 
the  whole  <t)le  of  it,  the  more  dear'y  do  we  see  that  it  L«  all  de« 
duced  from  the  ri-li5h  for  arcades,  indulged  in  the  eitremcs,  aad 
pushed  to  the  limit  of  possibility  of  execution. 

From  the  end  of  the  ISfh  century,  this  architecture  began  to 
diTCline ;  and  wa«  soon  after  lupplantKl  by  a  m-x^-d  style,  if  we 
nay  T^nture  to  call  it  so  ;  wherein  the  Grecian  and  Gothic,  how. 
ever  discordant  and  irreconciiabte,  are  jnmbl>fd  togeilier.  Coo. 
cerning  this  mode-  of  b'jilding,  Mr.  Warton,  in  Li*  observations  os 
Spencer*^  Fairy  Qufen,  has  the  follosing  anecdotes  and  remarki: 

^  Although  the  Koxan  or  Grecian  architecture  did  not  begin  to 
prevail  in  England  till  the  tim^  of  Inrgo  Jones,  yK  our  commvnu 
cation  with  the  Italian?,  ani  oar  imitation  of  th'i'tr  manners,  pro- 
duced  some  .specim'nf  of  that  stji>  much  earlier.  Perhaps  tho 
carl iet^t  was  Sonfer«et. house  in  the  Strand,  built  about  the  year 
15  f9,  by  the  duke  of  SoTienet,  uncle  to  FUfward  Vf. 

In  the  year  1613.  th«f  magnincent  portico  of  the  schools  at  Ox- 
ford  wail  erected,  in  which,  alon^  with  the  old  Gothic  «'yl«',  tbo 
architpct  has  atfectedly  ditpUved  his  eitraordinary  ski4  in  the 
Grtrian  and  Roman  architecture,  and  has  introduced  all  the  &?• 
ordrrs  to^^ether. 

*'  fn  the  15th  and  f'^th  centuries,  when  learning  of  all  kinds 
began  to  revive,  the  cha«te  architect  are  of  the  Gre^'ks  and  Romans 
seemed,  as  it  werp,  to  b->  recalled  into  life.  1  he  first  improve* 
nent'«  of  it  began  in  Italy,  and  even  owed  th^ir  esistence  to  tha 
many  ni  ns  of  the  ancient  Roman  structures  that  were  to  be  foand 
in  that  country,  from  whence  an  improved  mHhod  of  bnilding  was 
gradually  brought  into  the  other  couotries  of  Europe :  and  thoa^ 
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the  Italians  for  a  lon^;  time  retained  the  snperioritj  as  architects, 
over  the  other  European  nations,  jet  as  men  of  genias  from  all 
quarters  constantly  Tisited  Italy  for  the  purpose  of  improTemeiit 
in  architecture,  as  well  as  the  other  arts,  since  that  period  tbej 
have  been  equalled,  if  not  surpassed,  by  architects  of  other  nati- 
ons, and  even  of  our  own  country." 

The  orders,  as  now  executed  by  architects,  are  hje^  tix.  the 
Tuscan,  the  Doric,  the  Ionic,  the  Corinthian,  and  the  Composite; 
which  are  distiuguished  from  each  other  by  the  column  with  its 
base  and  capital,  and  by  the  entablature.     The  Tuscan  order  is 
characterised  by  its  plain  and  robust  appearance,  and  is  therefore 
used  only  in  works  where  strength  and  plainness  are  wanted ;  it 
has  been  used  with  great  effect  and  elegance  in  that  durable  moon, 
ment  of  ancient  grandeur,  the  Trajan  column  at  Rome;  indeed 
general  consent  has  established  its  proportions  for  sach  purposes 
beyond  all  others.     The  Doric  possesses  nearly  the  same  character 
for  strength  as  the  Tuscan,  but  is  enlivened  by  its  peculiar  onia. 
ments;  the  triglyph,  mutule,  and  guttae  or  drops  under  the  trig, 
lyph  ;  these  decorations  characterise  the  Doric  order,  and  io  put 
are  inseparable  from  it.     Its  proportions  recommended  it  where 
united  strength  and  grandeur  are  wanted.     The  Ionic  partakes  of 
more  delicacy  than  either  of  the  former,  and  therefore  as  well  is  on 
account  of  its  origin,   is  called  Feminine,    and  not  improper!/ 
supposed  to  have  a  matronic  appearance.     It  is  a  medium  betweeo 
the  masculine  Tuscan  and  Doric,  and  the  virginal  slenderness  of  the 
Corinthian :  the  boldness  of  the  capital,  with  the  beauty  of  the 
shaft,  makes  it  eligible  for  porticoes,  frontispieces,  entrances  to 
houses,  &c.      Denteles  were  first  added  to  the  cornice  of  this 
order.   The  Corinthian  possesses  more  delicacy  and  ornament  dum 
any  other  order ;  the  beauty  and  richness  of  the  capita],  and  the 
delicacy  of  the  pillar,  render  it  the  most  suitable  in  those  edifices 
where  magnificence  and  elegance  are  required.     On  this  account  it 
is  frequently  used  for  the  internal  decoration  of  large  state  rooms; 
in  which  it  has  a  chaste  appearance,  though  at  the  same  time  so- 
perb.     The  Composite  order  is  the  same  as  the  Corinthian  in  its 
proportions,  and  nearly  alike  in  ornamental  properties.     The  ad- 
dition of  the  modern  Ionic  volute  to  the  capital,  gires  a  bolder 
projection.     It  is  aplicable  in  the  same  manner  and  in  the  saise 
cases  as  the  Corinthian.  ^ 

The  first  complete  system  of  architecture  we  meet  with  is  thtt 
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VilrDvios,  viho  lired  in  the  reign  of  Julius  Ciesar  and  Aagustus. 

ic«  Vilruvius,  the  priiK-ipnl  authors  are  Alberti,  Baldus,  Uarba. 
rut,  Blondvl,  Cntanei,  Demon iosius,  Freard,  Goldman,  Gulie]. 
mm,  Lnngley,  Mayer,  Nicliolson.  Fain,  PallaJio,  Perrault,  Ri. 
Tius,  Serlio,  Scamozzi,  Vignoli,  and  Ware.  On  the  itubject  of 
Gothic  architectiirt-,  we  refer  to  Essays  on  Gothic  Arrhlteclure, 
published  by  Taylor,  and  to  a  papir  ia  vol.  it.  Trans.  Royal  So. 
ciely  Kdin.  by  sir  James  Hall. 

\_Pantologia. 


Labyrinths. 


tl' 


Amomo  the  architectural  curiosities  of  antiquity,  there  are  fi'tr 
vnlilled  to  more  attention  than  the  complicated  and  exlraordinary 
«dificet  known  liy  the  name  uf /ofti/rjn/Aj,  The  most  celebrated 
wen-  thote  of  Crete,  Lemuos,  and  I'gypt.  The  first  glood  uear 
mount  Ida,  and  nas  the  production  of  the  celebrated  Dxdalus. 
All  MP  know  of  it,  however,  is  from  loose  rumour,  or  casual  refer* 
racv.  Eten  in  Pliny's  time  not  a  tesiige  of  it  was  to  be  traced  ; 
id  B«llonius  has  been  so  much  of  an  infidel  as  to  conjecture  that 
wst  milhing  bat  aii  ancient  quarry  excavated  by  digging  the  stones 
It  served  to  build  the  neighbouring  towns  of  Gorlynie  and 
Grossas. 

Til*  labyrinth  of  Lemnos  is  auppoaeil  by  Pliny  lo  have  been  mors 
nigniliceut  than  that  of  Crete,  when  both  were  in  their  full  per- 
firctlun.  It  was  a  vast  and  splendid  pile  supported  by  forty  columni 
of  extnotdinary  height  and  circumference.  The  architects  (em- 
ployed in  raising  it  were,  Zinilus,  Hliodus  and  Theodotus,  the  last 
a  native  of  the  island.  In  Pliny's  time  its  vestiges  were  still  lo  be 
traced  ;  but  ^ellonius  could  not  discover  a  relic  of  it  during  hia 
visit  to  Lemnos. 

Of  all  the  labyrinths,  however,  of  antiquity,  that  of  Egypt  wai 
the  largest  and  most  cosily  ;  and  it  is  said  to  have  furnished  to 
Dxdalus  the  model  of  (hat  of  Crete,  though  he  imitated  not  more 
tftan  the  Iiundredlh  part  of  it.  Il  was  so  extraordinary,  (hat  He. 
rodolus  who  saw  il  snys,  that  it  far  surpassed  the  report  of  fame, 
being.  In  his  judgment,  e*eii  more  admirable  than  the  pyramids. 
Ai  lliere  were  at  lenst  three  bnildings  of  this  kind,  ancient  ivrilers, 
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not  distinguishing  them,    generally  speak  but  of  one,  and  const* 
quently  with  great  confusion  and  disagreement. 

They  tell  us  the  labyrinth  of  Egypt  stood  in  the  Heracleotic  nomr, 
near  the  city  of  Crocodiles,  or  Arsinoe,  a  little  above  the  lake 
Mosris.  Pliny  places  it  in  the  lake,  and  says,  it  was  built  by 
Petesuccus,  or  Tithoes,  one  of  the  demi.gods,  four  thousand  six  hob 
dred  years  before  his  time  ;  but  that  Demoteles  would  have  it  to  be 
the  palace  of  Motherudes  ;  Lyceas,  the  sepulchre  of  Moeris  ;  and 
others  the  temple  of  the  Sun.  It  is  recorded  by  Manetho,  that  Lachi* 
res  or  Labares  the  successor  of  Scsostris,  built  a  labyrinth  for  \k 
monument.  And  l)iodorus  writes,  that  MendeF,  or  Marus  made 
another  for  the  samopurpose,  which  was  not  so  considerable  oi 
account  of  its  magnitude,  as  for  the  artificial  contrlTance  of  it ; 
but  this  seems  to  be  adifierent  building  from  that  described  by  him 
a  little  after ;  which  is,  in  all  probability,  the  same  with  the  labyrinth 
of  Herodotus  ;  for  they  both  agree  in  the  situation.  They  say  ft 
was  the  work  of  twelve  kings,  among  whom  Egypt  was  at  cm 
time  difided  ;  and  that  they  built  it  at  their  common  charge. 

This  structure  seems  to  have  been  designed  as  a  pantheon,  or 
universal  temple  of  all  the  Egyptian  deities,  which  were  separately 
worshipped  in  the  provinces.     It  was  also  the  place  of  the  general 
assembly  of  the  magistracy  of  the  whole  nation,  for  those  of  alt  tht 
provinces  or  nomes  met  here  to  feast  and  sacrifice,   and  to  judge 
causes  of  great  consequence.      For  this  reason,  every  nome  had  a 
hall  or  palace  appropriated  to  it  ;  the  whole  edifice  containing,  ac- 
cording to  Herodotus,  twelve  ;   Egypt  being  then  divided  into  so 
many  kingdoms.     Out  Pliny  makes  the  number  of  these  palaces 
sixteen,   and  Strabo,   as  it  seems,  twenty-seven.     Herodotus  telli 
us,  that  the  halls  were  vaulted,  and  had  an  equal  number  or  doors 
opposite  to  one  another,  six  opening  to  the  north,    and  six  to  the 
south,  all  encompassed  with  the  same  wall ;   that  there  were  tbrte 
thousand  chambers  in  this  edifice,  fifteen  hundred  in  the  upper  part, 
and  as  many  under-ground  ;  and  (hat  he  viewed  every  room  in  tk 
upper  part,  but  was  not  permitted,  by  those  who  kept  the  palace,  (a 
go  into  the  subterraneous  part,  because  the  sepulchres  of  the  holy 
crocodiles,   and  of  the  kings  who  built  the  labyrinth  were  there. 
He  reports,  that  what  he  saw  seemed  to  surpass  the  art  of  man;  90 
many  exits  by  various  passages,  and   infinite  returns,  afforded  s 
thousand  occasions  of  wonder.     lie  passed  from  a  spacious  hall  to 
a  chaoiber,  from  thence  to  a  private  cabinet ;  then  again  into  othtr 
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pABsages  out  of  (li«  cELbinets,  and  out  of  (he  chamTjer  into  the  mors 
■pacioua  room!i.  All  the  ruors  nml  walls  within  were  iurrusled 
with  marble,  and  adorned  vtilh  Hguiei  in  srulptiire,  Thi;  halla 
were  surrounded  with  pillars  of  white  stone  finely  polished  ;  and 
■t  th«anglf,  where  the  lahyrintli  ended,  stood  the  pyramid  (otmer\y 
neotioned,  which  Strabo  asaerls  to  be  the  sepulchre  of  the  )inncs 
ffho  built  the  lubyriDth. 

To  this  descriptioa  of  Herodotus,  others  add,  that  it  stood  in  tb« 
nudst  or  an  immense  square,  surrounded  with  buildings  at  a  great 
distatfcc  ;  that  llie  porch  was  of  Parian  marble,  and  all  the  other 
pillars  of  marble  of  Sj-cne  ;  that  within  were  the  temples  of  their 
(CTeral  deities,  and  galleiies,  to  which  was  an  ascent  of  ninety  steps, 
adorned  with  many  columns  of  porphyry,  images  of  their  gods,  and 
■tatues  of  their  kings,  of  a  colossal  tize ;  that  the  whole  edifice  con. 
listed  of  stone,  the  floors  being  laid  with  vast  flags,  and  the  roof 
appearing  like  a  canopy  of  ttone ;  that  the  passages  met,  and 
crossed  each  other  vtith  such  intriiacy,  Ibat  it  was  impossible  for  a 
■tranger  to  find  his  way,  eittier  in  or  out,  without  a  guide;  and  that 
Mveral  of  ttie  apartments  were  so  contnTed,,that  on  opening  of  fh* 
doors,  there  was  heard  within  a  terrible  noise  of  thumler. 

We  shall  subjoin  part  of  the  description  given  by  Diodorus  of  ft 
fabric,  which  though  hedoeauotcBllitalabyriiilhgbuta  sepulchrei 
yet  appears  to  be  the  same  we  arc  now  speaking  of.  ile  says  it 
was  of  a  square  form,  each  side  a  furlong  in  length,  built  of  most 
beaoliful  stone,  the  sculpture  and  other  ornaments  of  which  posterity 
could  not  cxeeed  ;  that  on  passing  theoutwardinclosure,  abuilding 
presented  itself  lo  view,  surrbuniled  by  an  arcade,  every  side  coii- 
■if  ling  of  four  hundred  pillars;  and  that  it  coutaini-d  the  ensigas 
or  memorials  of  the  counlry  of  each  king  ;  and  was,  in  all  respects, 
a  work  so  sumptuous,  and  of  such  vast  dimensions,  that  if  the 
tweUe  princes  who  began  it,  had  not  been  dethroned  bifore  it  was 
finished,  the  magnificence  of  it  could  never  have  been  surpassed. 
Whence  it  seems,  that  Psammetichus,  one  of  the  twelve,  who.  ex. 
pelling  his  associates,  made  himself  master  ofall  %jpl,  finished  the 
design,  but  not  with  a  grandeur  answerable  to  the  rest  of  the  struc. 
ture  ;  though  McIb  attributes  the  glory  of  the  wliole  to  that  king. 

The  solidity  of  this  wonderful  building  was  such,  that  it  with. 

)od,  for  many  ages,  not  only  the  rage  of  lime,  but  (hat  of  (he  in. 
ibitauU  of  Jlerackopolis,  who,  worshipping  (he  Ichneumon^  tha 
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mortal  rnomy  of  the  crocoJili*,  uhich  was  the  peculiar  dfity  of  Ar. 
•iiioc,  buHf  an  irnconcilcablc  hatrod  to  the  labyrioth,  which 
also  for  a  srpuUhre  to  the  sarrc-d  crocodiles^  and  therefora 
strove  to  (IcinuIMi  it.     Pliny  su\s,  it  was  remaining  in  his 
and  that  n1)out  live  hundred  years  before  Alexander,  Circai 
r  nnuch  to  kinj  Nrctabis,  was  reported  (o  have  bestowed 
nparation^i  on  it,  supporting  the  building  with  beams  of 
the  K^\pti.in  thorn,  boiled  in  oil,  while  the  arches  of  sqi 
were  cTtctin::.  - 

[^Ancteni  Univ, 


SECTION    IV. 

Great  Wall  of  China. 

m 

Tin:  chirf  remain  of  ancient  art  in  China  is  that  stnpendoiis  wdb 
extending  acro^M  tho  northern  boundary  *.    This  work,  which  ii  &i^; 
scrvcdly  i^tevmtd  among  tiio  grandest  labours  of  art,  is  condndi 
over  the  suinniits  of  }iiv;h  mountains,  some  of  which  rise  to 
hi  ii;ht  of  b'l'lb  i^i;{y  across  the  deepest  vales,  over  wide  rivers 
means  of  arches ;  and  in  many  parts  is  doubled  or  trebled  to 
manil  important  passes :  at  the  distance  of  almost  every  hum 
yards  ib  a  tower  or  mas<;y  bastion.     The  extent  is  compntedl 
15ti()  niii<-s;  but  in  some  parts  of  smaller  danger  it  is  not  eqi 
strong  or  complete,  and   towards  tho  N.  W,  only  a  rampart 
earth.     For  the  precise  height  and  dimensions  of  this  amazing fo 
flratiitn  the  readt  r  is  refi  rn  d  to  SirGeorge  Staunton  already  qa< 
whence  it  upjieara  that  near  Koopekoo  the  wall  is  twenty-fivefcfltl 
h(  i.'.ht,  and  at  the  top  about  fifteen  feet  thick:  some  of  the  ti 
which  ar*  >4uare^  arr*  forty-iight  feet  hiuh,  and  about  forty 
wide,     '11:.*  stone  em;  love  d  in  the  foundations,   angles^  &e«l 
itrong  en  y  granite  ;  but  the  greatest  part  consists  of  binish 
and  t!iL  nji'i  .>';  i-^  remarkably  pure  and  nhite. 

S*r  (leor^e  Staunton  consiiiers  the  era  of  this  great  Imi 
absoliite!y  aseeriained,  and  he  asserts  that  it  has  existed  f6f 
thousand  years.     In  this  ass(Toration  he  seems  io  have  fc 
Du  llaldc,  \\!u>  informs  us  that  '-  this  prodigious  work 
struct*  d  two  hundred  and  fifteen  years  before  the  birth  of 
by  the  orders  of  ti:e  first  emperor  of  the  family  of  Tsin,  to 

^  Sir  Ci.  SluuntunS  Umba&sy,  vol,  H,  360, 8?o. 
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«  History  of  Chion,  cotituiiipd  in  liis  first  Tolume,  I. 
erection  to  th?  second  emperor  of  the  dynasty  of  'fsin,  namely  Chi 
Hoang  Ti ;  anA  tho  date  immediately  preceding  the  narrallTe  of  this 
construction  is  the  year  137  before  the  birth  of  Christ +.  Hence 
■uipiciuiis  mny  trdl  ariiie,  not  only  concerning  the  epoch  of  this 
work,  but  even  nilh  regard  to  the  purity  and  precision  of  the  Chi- 
nese annals  in  grneral.  Mr.  Bell,  who  resided  for  some  time  in 
Cbina,  and  whose  travels  are  di'servcdly  esteemed  for  the  accuracy 
of  their  intelligence,  assures  us  X,  that  this  ivuli  was  built  about  six 
bnndred  years  ngo  ( that  is  about  the  year  1 1 60),  by  one  of  the  em. 
perors,  to  preiFiit  the  frequent  incursions  of  the  Monguls,  whoso 
nomerous  cavalry  used  to  ravage  the  provinces,  and  escape  before 
kn  army  cooltl  be  assembled  to  oppose  them.  Renaudot  observes 
that  no  oriental  geographer,  above  three  hundred  years  ia  anti- 
quity, mentions  this  wall  ^  :  and  it  is  surprising  that  it  should  hava 
escaped  Marco  Polo  ;  .who,  supposing  that  he  had  enteved  China 
by  a  dlfiereut  rout,  can  hardly  be  conceived,  during  his  long  rei)' 
4ence  in  the  north  of  Chins,  and  iii  the  country  of  the  Monguls,  to 
bare  remained  ignorant  of  so  slopendous  a  work  {|.  Amidst  these 
diScullies,  perhaps  it  may  be  conjectured  that  similar  modes  of  de- 
fence had  been  adopted  in  different  ages ;  and  that  the  ancient  rude 
barrier  having  fallen  into  decay,  was  replaced,  perhaps  after  the  in. 

toa  of  Zingis,  by  the  present  erection,  which  even  from  the  state 
|l  preKTvalion  can  scarcely  aspire  to  much  antiquity. 
IDu  lltUde.  Staunton.  Pinkerton. 
I  SECTION   V. 

Temple  of  Elephanta. 
(Tg  got  into  our  boat  at  Mazagoog  a  little  before  sunrise,  and 
th«  pleasure  of  marking  the  gradual  increase  of  day  as  it  broke 
rtheMabratIa  mountains.  First  the  woody  tops  of  Caranja 
and  Elephaola  became  illuminated,  then  Bombay,  with  its  forts  and 
rOiages  stretching  along  the  north  of  the  bay,  while  the  tMSes  of 
acky  islands  to  the  south,  slowly  became  distinguishable  from 
[reflecting  waves.     After   an  hour's  row,  durtog    which    wc 

•  Tome  ii.,  p.  M.  f  Toror  i.340. 

t  Tra.elt.  ii.  118.  8vo,  ^  Cl  lupra,  137. 

g  Some,  hawevcT,  denii  thai  be  eolered  Cbina. 
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pas'.il  Buttlui's  MiT-iI.  tallpJ  by  llif  ii.itiTCi  IVrt  Dm1v?| 
LI.iik),  »i-  aniiiil  »t  Klrphanl.i,  a  muuiitaiii  hie  with  a  Ai 
iioDilcil  lo  liic  summit;     Oi'iioiiit.-  to  tli<j  landln^-pUco  is  ibo  H^ 
IosmI  !:toLi'-  I'Uiihiiiu  frum  uhidi  tliu  Por[u^ue:i>  ats^d  lli« 
It  is  iiuiv  (T.ii'kid  iiiid  muliliilL'tl,  .ik  tradition  iay*,  bjr 
^UL'.-i-.     I<   must  liiiTi-  been  carrr<]  uut  of  th^   ruck  aftl 
Ftaitd.'.,  for  it  ii[)|H'ars  too  lar:;>-  lo  liave  hren  cKrried  toitt] 
situatidii.     ATtrr  (inssiug  a  vilbi;f  mhich,  ai  «ell  ac  vhalk 
tlic  ttativ(>$  call  Gbaii|)uoTi,  vrc  a-i-<-iii!L'd  ihe  hi;i  throagh' 
p.i-i."-,  sometimes  ovi.'i'&)iHi1nw{:d  witli  Hood,  somctimM 
rocI.s,  till  «!■  nrrivi-d  at  the  cavf,     Wu  cnmc  uf. 
au:1  1  cun^e'L  that  I  iicicr  filt  sueh  aM'ttsation  of  uion'Hmi'aTU 
wlit'ii  ll:f  cavern  upciiid  upon  mc.     At  lirst  it  app^aT"*    ill  dait* 
iK'M,  uhi:c  oil  llio  hill  above,  biiuw,  and  arnund,    ntjrutu  id 
llowcrs  of  ihc  niotl  brillijnt  lines  wvre  nnviiig  in  the  foil  sandin 
Ai  I  i'litcri'il,  my  si^lil  brtamc  tjrudiiar>-  nioi«  diitlnct,  and  I 
ahU'  to  i-ottsidtr  the  wonderful   chamber  in  nhiuh  I  utaad. 
ciitraiii-c  ii  tirt]:.rivc  feet  wide,  its  height  it  eighteen,  and  Ua 
about  equal  to  ils  width.     It  is  supii  irtMl  by  niassy  piUarS*: 
in  the  solid  rock;  the  rnpilal  of  these  roaembles  a  eoi 
cu&htuii  buiiiid  nith  a  fillet :  thir  nhacus  is  like  a  buitcb 
supiiurliii,:-  a  biani,  sixof  nhich  run  niross  the  whole  ear?' 
the  capital  the  i-n^umn  may  be  romian-d  to  a  lluled  bell 
a  pkin  octagonal  member  placet)  on  a  ili>',  oii  each  cc 
BtIB  Iluniiman,  Cianesa,  or  some  of  the  other  iiiffrii 
tides  of  till-  caiern  are  sculptured  in  compni'tmonla, 
ji<'rM)ns  of  !h>'  invtholo^y  ;  but  the  end  of  the  elTiTn 
the  rntraiit-<  'n  ihc  mo>t  nmarlabtp.     In  llie  leiitre  ia 
trlii.urli,    nr   lline  for^iK  d   i;ni).      Hrihrna   the    cnator 
niddU'.  n  ii!i  a  pl.irid  run-  li  ii::iirc- ;   liis  eiip  i-  a  JoriK 
Vi-linn,  (111-  iiri'svrving  deitj,  is  r<']in  si  ni^id  a*  »ery 
rifri*  rullofben.ioUncr,  his  h-ii.Uii,l.!s  a  lotus,  tUe 
Holier  i>  phced  in  hh  e.ip,  niili  the  trjiini  or1ripU»^| 
siLnTtin;;  the  rivers  (lunga  ((:ini.t-n),   V.imuim  (Jiiai^ 
Si  ri'suati,  and  other  iirnatiieiMs  iijr  rrln;  to  his  allrlbal 
frowns  ;   Iiih  nuB<' K  aqnalliie,  Bn:l  hi'^  n^ouih  hairupfli  ;  {| 
is  his  (li'itrncliTeemblini,  tlie  cobra. e'i|i<  Ihi,  an 
other  symbols,  a  human  »kutl  and  a  neu-lioin   infant 
double  charucler  of  destroyer  and  reproducer.     Tbrsa 
all  beautiful  but  for  (he  undtrr  lips,  wbicli  are  rtiUMrkal 
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be  b'lgtli  from  the  chin  to  the  cronn  of  the  head 
ps  are  aboat  lhre«  f«et  mure.  .No  part  or  the  bust  is  mntilaied 
S  tbc  two  hands  in  front,  which  are  quite  destroyed.  Coocealod 
ieps  hfhiiid  SWa's  hand  lead  to  a  conTenient  ledge  or  bench  be- 
Anil  (he  caj)  of  the  bu»(,  where  a  Bramin  might  hate  hidden  him- 
ilf  fur  iuy  purpuse  of  priestly  imposition.  On  each  side  of  the 
itnurti  is  a  pilaster,  the  frotit  of  nhich  is  filled  up  by  a  figure 
larteen  feet  high,  leaning  on  a  dwarf;  tbt'se  are  much  defaced.  Ts 
■  right  ii  a  targe  square  comparlmeat,  hollowed  a  little,  carred 
Id  a  great  rarietj  of  figures,  the  largest  of  which  is  giiteen  feet 
||ii,  representing  the  double  ligBre  of  Sira  and  Parfali,  called 
nraj  or  Ardha  Nari,  half  male  half  female,  the  right  side  of  which 
t  Sita  and  the  left  his  wife;  it  b  four.haoded;  the  (wo  lower 
Utdt,  one  uT  which  appears  to  hate  rcsli'd  nn  the  Nundi,  are 
jVOken  ;  ibe  upper  k'ight  hand  has  a  cobra-cnpella,  aiid  the  Itft  a 
eld.  On  the  right  of  the  Viraj  is  Brama,  four-faced,  sitting  ua 
Xus;  and  on  the  left  is  ^~ishnu  on  the  shoulders  of  Garuda. 
•r  Brahma  are  Indra  and  Indranee  on  Ihitr  elephant,  and  be- 
r  is  a  female  figure  boldiug  a  chamara  or  chowri>e*.  The  upper 
■1  of  the  compartment  h  filled  with  fmall  AgurGS  in  the  altitudei 
t  adoration. 

I  On  the  other  side  of  the  trimnr(i  ii  a  compartment  answering 
»tbat  I  have  just  described.  The  principal  fi^^ure  I  take  (o  b« 
;  at  his  left  baud  stands  Parrati,  on  whose  shoulder  he  leans  ; 
reen  th>;m  is  a  dwarf,  on  whose  head  is  one  of  Siia's  hands, 
near  Parvati  is  another.  Over  Siva's  shoulder  hangs  the  ze. 
,  and  be  holds  the  cobra.capella  ia  one  of  his  four  hands, 
is  surrounded  by  ibp  same  figurc^s  which  fill  up  the  compart. 
t  of  (he  Veraji;  his  own  betghl  (which  we  measured  by  a 
lb-line  dropped  from  his  heart,)  is  fourteen  feet,  and  that  of 
hrvati  is  ten.  All  these  figures  are  iu  alto.relifvo,  as  are  thole 
f  the  other  tides  of  the  cavern,  Ibe  most  remarkable  of  «hich 
looeof  Siva  in  his  vindictive  character;  he  Li  eight  handed,  with 
'Chaplct  of  skulls  round  his  neck,  and  appears  in  the  act  of  per< 

ming  (he  human  sacrifice. 
'  On  the  right  hand,  as  yon  enter  the  cave,  is  a  square  apartment 

*  '  ■■'■    —  ■   ■  ■'  ■ 

•  The  chamara  ii  a  whiik  In  keep  off  flies,  mtidr  fill 


lh«    ^^M 
mntilaied       ^^1 
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with  foar  doors,  tapported  by  eight  colossal  figures ;  it  eontaht  a 
gigmotic  sjiDbol  of  Maha  Deo,  and  is  cut  oat  of  the  rock  like  ths 
rest  of  the  cave.  There  is  a  similar  chamber  io  a  smaller  and 
more  secret  caTero,  to  which  there  is  access  from  the  corner  next 
to  the  Viraji ;  the  coTering  of  the  passage  has  fallen  in,  but,  oa 
climbing  over  the  mbbish,  we  found  oarselTes  in  a  little  area  which 
has  no  outlet,  and  is  lighted  from  above,  the  whole  thickness  of 
the  hill  being  cut  tbroogh.  The  cavern  to  which  it  beSongs  con* 
tains  nothing  but  the  sqaare  chamber  of  Maha  Deo,  and  a  bath  at 
each  end,  one  of  which  is  decorated  with  rich  sculpture. 

When  we  had  tired  ourselves  with  examining  the  various  won- 
ders  of  the  cavern  of  Elephanta,  I  sat  down  to  take  a  sketch  of  the 
great  compartments  opposite  to  the  entrance,  and  on  our  return 
to  Bombaj,  comparing  the  drawing  with  those  in  Niebiihr,  we 
were  satisfied  that  its  resemblance  to  the  original  is  the  most  cor* 
rect.  I  am  sorry  to  obsenre,  that  the  pillars  and  sculptures  of 
the  cave  are  defaced  in  every  part,  by  having  the  names  of  moit 
who  visit  them  either  carved  or  daubed  with  black  chalk  upon 
them  ;  and  the  intemperate  zeal  of  the  Portuguese,  who  made  war 
upon  the  gods  and  temples,  as  well  as  upon  the  armies  of  India, 
added  to  the  havoc  of  time,  has  reduced  this  stupendous  monn* 
ment  of  idolatry  to  a  state  of  ruin.  Fragments  of  statues  strew 
the  floor ;  columns,  deprived  of  their  bases,  are  suspended  froa 
the  parent  roof,  and  others  without  capitals,  and  sometimes  split 
in  two,  threaten  to  leave  the  massy  hill  that  covers  them  withoit 
support. 

The  temple  of  Elephanta,  and  other  equally  wonderful  caverns 
in  the  neighbourhood,  must  have  been  the  works  of  a  people  far 
advanced  in  the  works  of  civilized  life,  and  possessed  of  wealth  and 
power ;  but  these  were  lodged  in  the  hands  of  a  crafty  priesthood, 
who  kept  science,  affluence,  and  honour,  for  their  own  fraternity, 
and,  possessed  of  better  ideas,./preached  a  miserable  and  degrad* 
ing  sopersiition  to  the  multitude.  It  would  be  curious  to  foUov 
out  the  advancement  and  fall  of  the  arts  which  produced  sach  mo- 
numents ;  but  not  a  trace  of  their  history  remains,  and  we  are  left 
to  seek  it  in  tbe  natural  progress  of  a  people  subtle  and  ingenious, 
but  depressed  by  superstition,  and  the  utter  impossibility  of  risng 
Individually,  by  any  virtues  or  any  talents,  to  a  higher  rank  in 
fociety  than  that  occupied  by  their  forefathers, 

[JIfrf.  Grmkami. 
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SECTIOH   VI. 


Temple  of  Juggernaut, 
**  Buddruck  in  Oriiia^  May  SOth,  ISOOi 
'*  We  know  that  we  are  approaching  Juggernaut  (and  yet  ifW  I 
•n  more  than  fifty  miles  Tram  it)  by  the  human  bonei  which  w** 
ItATr  teeo  for  some  days  strewed  by  the  way.  At  this  piac«  we 
haw  been  joined  by  sctirai  large  bodies  of  pilgriri]>-,  ^lerhap^  lUOO  in 
number,  » ho  hare  comp  from  Tarioua  pans  of  Northern  India. 
Some  uf  lh«ni  with  whom  1  tiate  ct>riTer!>'d,  say  that  they  have  been 
two  months  on  (heir  march  travellinj;  slowly  in  (he  holiest  season 
of  the  year,  with  (brir  wites  and  children.  Some  old  persons  artt 
wnoDg  them  who  wish  tu  dtp  at  Juggt^rnaut.  Numbers  ofpilgrimi 
die  on  the  road  ;  and  their  budit-s  generally  remnin  unbu'ried.  Oa 
K  plain  by  the  river,  near  the  Pilgrim's  Caravenscra  at  thisi  place, 
vlbereare  more  than  a  hundred  skulls.  The  do^s,  jackals,  and 
Toltures,  seem  to  lire  here  on  humnn  prey.  The  vultures  exhibit 
■  shocking  tamtness.  Tiie  obscene  animals  will  not  leave  the 
body  sometimes  till  we  conic  clos"  tu  them.  This  tiuddruck  is  s 
bonid  place.  WherPTer  I  turn  my  eyes,  I  riie>-(  death  In  iome 
Bhape  or  other.  Surely  Juggernaut  cannot  be  worse  than  liaA. 
drock." 

*<  In  tight  of  Juggernaut,  lllh  June,  ISOS.     I 

**  Many  Ihuusands  of  pilgrims  have  accompanied  us  fiir~ 

.mno  days  past.  They  coier  the  road  bi-fore  and  behind  ss  far  aa 
the  eye  can  rfach.  At  nine  o'clock  this  morning,  tlic  temple 
I  of  Jnggernaut  appeared  in  view  at  a  great  distance.  When 
L  ^  mallitude  first  saw  it,  they  j^ave  a  ihoul,  and  Tt'll  to  (he  ground 
:  and  worshipped.  1  have  heard  nothing  to-diy  but  shout,  md  ac> 
by  the  successive  bodies  of  pilgrims.  From  the  placo 
Kwbere  I  now  stand  1  have  a  view  of  a  host  of  people  like  an  array, 
at  (be  outer  gate  of  the  town  of  Juggernant:  whero 
L  a  gnard  of  soldiers  is  posted  to  prevent  their  entering  tlie  (own, 
Bnlit  (hey  have  paid  (tie  pilgriin'a  tax— I  passed  a  devotee  to-day 
who  laid  himself  down  at  every  step,  measuring  the  road  to  Jug. 
geniaut  by  the  length  of  his  body,  a»  a  panauM  sf  nwrft  ta 
pleate  the  God." 
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"  Outler  Gate  of  Juggernaut,  12/A  Juncy  1800. 
^^  •  A  disaster  has  just  occurred. — As  I  approached  tht 
gate,  the  pilgrims  crowded  from  all  quarters  around  me,  and 
shouted,  as  they  usually  did  when  I  passed  them  on  the  road,  an 
expression  of  welcome  and  respect.  I  was  a  little  alarmed  at  their 
number,  and  looked  round  for  my  guard.  A  guard  of  soldiers 
accompanied  me  from  Cutack,  the  last  military  station  ;  but  thej 
were  now  about  a  quarter  of  a  mile  behind  with  mjr  serrants  and 
the  baggage.  The  pilgrims  cried  out  that  they  were  entitled  to 
some  indulgeuce,  that  they  were  poor,  that  they  could  not  pay  tiM 
tax  ;  but  1  was  not  aware  of  their  design.  At  this  moment,  when 
I  was  within  a  few  yards  of  the  gate,  an  old  Sanyassee  (or  holy 
man)  who  had  travelled  some  days  by  the  side  of  my  horse,  came 
up  and  said,  '  Sir  you  are  in  danger ;  the  people  are  going  to  rush 
through  the  gate  when  it  is  opened  for  you.'  I  immediately  dis. 
mounted,  and  endeaToured  to  escape  to  one  side ;  but  it  was  too 
late.  The  mob  was  now  in  motion,  and  with  a  tumultuous  shoot 
pressed  violently  towards  the  gale.  The  guard  within  seeing  my 
danger  opened  it,  and  the  multitude  rushing  through,  carried  ae 
forward  in  the  torrent  a  considerable  space  ;  so  that  I  was  literally 
borne  into  Juggernaut  by  the  Hindoos  themsel?es«  .  A  distressiag 
scene  followed.  As  the  number  and  strength  of  the  mob  increased, 
the  narrow  way  was  choaked  op  by  the  mass  of  people  ;  and  I  ap- 
prehended that  many  of  them  would  hare  been  suffocated,  or  braised 
to  death.  My  horse  was  yet  among  them.  But  suddenly  one  of 
the  side  posts  of  the  gate,  which  was  of  wood,  ga?e  way  and  fdl 
to  the  ground.  And  perhaps  this  circumstance  alone  prevented 
the  loss  of  lives.  Notice  of  the  event  was  immediately  commani* 
cated  to  Mr.  Hunter,  the  superintendant  of  the  temple,  who  re* 
paired  to  the  spot,  and  sent  an  additional  guard  to  the  inner  gatcy 
lest  the  people  should  force  that  also ;  for  there  is  an  outer  aod 
an  inner  gate  to  the  town  of  Juggenaut;  but  both  of  then  ait 
slightly  constructed.  Mr.  Hunter  told  me  that  similar  accidents 
sometimes  occur,  and  that  many  have  been  crushed  to  deatk  by 
the  pressure  of  the  mob.  He  added,  that  sometlmei  a  body  ef 
pilgrims,  (consisting  chiefly  of  women  and  children,  and  old  hmb) 
trusting  to  the  physical  weight  of  their  mass,  will  make,  what  hi 
called  a  charge  on  the  armed  guards,  and  overwhelm  them ;  the 
guards  not  ))euig  wilUngi  in  tu^  circiiinitiiBfiei^  to  oppoM  tM 
bajronets**' 


F 
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*'  Juggernaut,  lilh  June,  1800. 
'  I  bRTe  seen  Juggernaut.  The  scene  at  Buddmck  is  but 
ibe  Ti'SlibuIe  to  Juggernaut.  No  record  of  ancient  or  modern  his- 
tory can  give,  I  think,  an  adequate  idea  of  this  valley  of  death  ;  it 
majr  be  Iroly  compared  with  the  '  ?aUey  of  Hinnom."  The  idol 
called  Juggernaut,  lias  been  considered  as  the  Molocli  of  tht:  pre- 
sent Bge  ;  and  he  is  justly  so  named,  Tor  the  sacrifices  offered  up  t(i 
him  by  gelf-devotemenl,  are  not  less  criminal,  perhaps  not  less 
numerous,  than  those  recorded  of  the  Moloch  of  Cauaao.  Two 
othir  idols  accompany  Juggernaut,  namely,  Bolorum  and  Shubn- 
dra,  hia  brother  and  sister  ;  for  there  are  threp  d.;ilits  wor^liippcd 
here.     They  receive  equal  adi 


equal  height. 

«'  This 

■nd  tmly 

king/   As  other  templi 

tical  of  their  religion 


,  and  ill  oil  thrones  of  nearly 

ling  1  Tiawfd  the  temple ;  s  slup.'ndous  fabric, 

rate  »ilh  the  extensive  sHay  of  *  the  horrid 

E  usually  adorned  with  figures  eoiblema- 

Juggernnut  has  representations  (nume- 


rous and  Taried)  of  that  vice  whith  constitutes  Ibe  esSLiice  of  his 
worship.  The  walls  and  gatts  are  covered  with  indecent  emblems, 
in  massive  and  durable  sculpture. — [  have  also  visited  the  sand 
plains  by  the  sen,  in  some  places  whitened  with  the  boiii23  of  the 
pilgrims;  and  anothtr  place  a  lilllc  way  out  of  the  town,  called 
by  the  English,  the  Golgotha,  where  the  dead  bodies  are  usually 
cast  forth  ;  and  where  dugs  and  vultures  are  ever  seen*,'' 

"  The  grand  Hindoo  festival  of  the  Kutt  Jaltra,  takes  place  on 
(he  18th  instant,  ivhcn  (he  idol  is  to  be  brought  forth  to  the  peo. 
pie.  I  reside  during  my  stay  here  at  the  house  ot  Jhtucs  Hunter, 
Esq.  the  Company's  collector  of  the  (ax  on  pilgrims,  and  suporin- 
tendaat  of  the  temple,  formerly  a  student  in  the  College  of  Fort 
tfilliam  ;  by  whom  1  am  hospitably  entertained,  and  also  by  Cap- 


1 
I 

I 


^illiam 


:p  Tdlrurris  gi'ocmlly  find  ciul  rhe  prey  lirsi ;  and  brgin  with  llt«  ioles- 
M|  for  the  Sinh  o(  the  body  h  luo  firm  fnr  Ihrir  btalu  immcdtHlcly  after 
dcaltl.  Bal  the  dot^t  u>nn  receive  nulice  of  ihe  circumilance,  gcnemlly  frum 
weing  Ibe  burriri,  or  corpie-carriert,  relarning  from  the  i>1acc.  On  (be  ap- 
praocb  of  the  doK>,  iIil'  vullurra  retiir  a  few  yardi,  ond  wail  till  the  limly  be 
■DOciently  (urn  far  tay  drglutilian.  The  TUllnm  and  dags  aUcn  feed  taft- 
Ibert  aod  lomelimrt  begin  Ibeir  allark  before  (be  {ill^im  be  quite  dead. 
Thcie  are  four  uilmak  which  may  be  seen  about  a  rarcote  nt  Ihe  ( 
rt*.  the  dog.  ihe  jaekal,  Ihe  Yollnre,  and  [be  borgecla,  or  ailjulanl,  called 
Peananl,  (h«  gigantic  crane. 
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tain  Pktton,  and  lieutenant  Woodcock,  commandiog  tbe  miliiarjr 
force.  Mr.  Hunter  distingoitbed  himself  at  the  college  by  lut  pro- 
ficiency in  the  Oriental  Languages.  He  is  a  geDtleman  of  poUsbed 
manners  and  of  classical  taste.  The  agreeable  society  of  these 
gentlemen  is  yery  refreshing  to  my  spirits  in  the  midst  of  the  pre. 
sent  scenes.  I  was  surprised  to  see  how  little  they  seemed  to  be 
mofed  by  the  scenes  at  Juggernaut.  They  said  they  were  now  so 
accustomed  to  them,  they  thought  little  of  them.  They  had  almost 
forgot  their  first  impressions.  Their  houses  are  on  the  8eai.sborp| 
about  a  mile  or  more  from  the  temple.  They  cannot  Hto  neareri 
on  account  of  the  offensiTe  effluyia  of  the  town.  For,  independ. 
ently  of  the  enormity  of  the  superstition,  there  are  other  drcaou 
stances  which  renders  Juggernaut  noisome  in  an  extreme  degree. 
The  senses  are  assailed  by  the  squalid  and  ghastly  appearance  of 
tbe  famikhed  pilgrims ;  many  of  whom  die  in  the  streets  of  want  or 
of  disease  ;  while  the  deyotees,  with  clotted  hair  and  painted  flesb, 
are  seen  practising  their  farious  austerities,  and  modes  of  self  tor. 
ture.  Persons  of  both  sexes,  with  little  regard  to  concealment,  sit 
down  on  the  sanrs  close  to  the  town  in  public  yiew ;  and  tbe  Sa- 
cred Bulls  walk  about  among  them  and  eat  the  ordure^." 

'^  The  yicinity  of  Joggernaut  to  the  sea  probably  prevents  tbt 
contagion  which  otherwise  would  be  produced  by  the  putrefac* 
tion  of  the  place.  There  is  scarcely  any  yerdure  to  refresh  titt 
sight  near  Juggernaut ;  the  temple  and  town  being  nearly  encooh 
passed  by  hills  of  sand,  which  has  been  cast  up  in  the  lapse  of  sges 
by  the  surge  of  the  ocean.  All  is  barren  and  desolate  to  the  eye; 
and  in  the  ear  there  b  the  never.intermitting  sound  of  the  roar- 
ing sea.'* 

*^  Juggernaut^  ISth  of  June j  ISOff. 

<^  I  haye  returned  heme  from  witnessing  a  scene  which  I  sball 
^eyer  forget.  At  twelve  o'clock  of  this  day,  being  the  great  dij 
of  the  feast,  tbe  Moloch  of  Hindostan  was  brought  out  of  his  ten- 
pie  amidst  the  acclamations  of  hundreds  of  thousands  of  his  wor- 
ahippers.  When  the  idol  was  placed  on  his  throne,  a  shout  was 
rabed  by  the  multitude,  such  as  I  had  never  heard  before.    It 

■^      ■        ■  ■■  I  ■■■  I  ^i— t^M— ^—  111  ■  I       ■ 

•  This  lingular  fact  was  pointed  out  to  me  by  tbe  gentkineii  here.  There  k 
ao  vegetatien  for  the  locred  Bolli  on  tbe  sand-plainK  Tbej  are  fed  geaota^r 
with  yegctablet  fron  the  bands  of  the  pilgriai. 


,^» 
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continued  equable  for  a  few  minutes,  and  then  gradually  died  away. 
After  a  short  interval  of  silence,  amurmer  was  heard  at  a  distance ; 
■11  eyes  were  turned  towards  the  place,  and,  behdid,  a  grove  ad* 
Tanclog.  A  body  of  men,  haying  green  branches,  or  palms,  in 
their  hands,  approached  with  great  celerity.  The  people  opened 
a  way  for  them  ;  and  when  (hey  had  come  up  to  the  throne,  they 
fell  down  before  him  that  sat  thereon,  and  worshipped.  And  the 
moltitode  again  sent  forth  a  voice  '  like  the  sound  of  a  great  than. 
der.' — But  the  voices  I  now  heard,  were  not  those  of  melody  or  of 
Joyful  acclamation  ;  for  there  is  no  harmony  in  the  praise  of  Mo- 
loch's worshippers.  Their  number  indeed  brought  to  my  mind  the 
coantless  multitude  of  the  Revelations;  but  their  voic«-s  gave  no 
tuneful  Hosanaa  or  Hallelujah ;  but  rather  a  yell  of  approbation, 
united  with  a  kind  of  hissing  applause.* — I  was  at  a  \o%%  how  fo  ac- 
count for  this  latter  noise,  until  I  was  directed  to  notice  the  wo. 
men;  who  emitted  a  sound  like  that  of  «cliist)in?,  viith  th*-  lipt 
circular  and  the  tongue  vibrating  :  as  if  a  <erp«rnt  would  S[f*^k  by 
their  organs,  uttering  human  sounds." 

**  The  throne  of  the  idol  was  placed  en  a  •»ap<'nf)oo4  r.ar  or 
tower  about  sixty  feet  in  height,  renting  on  mh^*:U  nhich  ind^niiM 
the  ground  deeply,  as  they  turned  slovilj  nndc-r  th^  pond^f/os 
machine.  Attached  to  it  were  six  cabiM,  of  th*:  *\z^  and  kr^^h  vf 
a  ihip's  cable,  by  which  the  people  6r*-''(r  it  2:007.  T>iA'iuri'it  ^4 
neoy  women,  and  children  pulied  by  ^ar.r.  ct.^ ».  rro-K'f'fi/  to 
cloiely,  that  some  could  only  u^  r^nk  hand.  lQf»r.*i  4r%  uAit*;  \^ 
•aeit  their  strength  in  this  oSce,  V^r  it  \\  ir^,m,:i*M  «  r.'.*f:t  '4 
ffil^tcontDess  to  move  the  god.  Upon  th^  tov»r  ««^<^  tv^  f^n^MM 
and  latalites  of  the  idol,  iuzirtzrAln^  KU  tAron^^.  J  9%\  ff,us  *t,\1 
there  were  about  a  hnndr^  and  e«»ri*7  p^rv.r.i  .y^u  v.*  'vnf  *j/»m 
gotber.  The  idol  is  a  block  of  wc<^.  unlr*f^  a  fri^'isS!  t  ?«jr* 
paiBted  Mack,  with  adist#^nd#d  mo^At  ^A  a  t>>y:y  ^^/*»uf,  fft 
■msareof  gold,  and  he  ii  dretM^  in  ^'^/tty^x  *y/if*'l.  T.V* 
otter  two  idols  are  of  a  white  aad  y«f:w  t/Ait0mt4 — fr.11  *>y.^tM 
pmeded  the  three  towen,  Umtmi  to'v^rb^  I^M^^  ^i^ir^A  lu  tfitt^ 
warn  capariwmi,  and  hsviaf  b^ttis  htnts:^^  v#  tiunr  «•;.'»/; i/«;.i.  vKVa 
■P— dwl  Bsscally  as  they  aoved.'* 

**  I  went  OB  in  the  fnooauc^.  cU>m  by  riut  tow^r  vf  Mm^^.K  , 
vlkh,   aa  it  was  drava  wita  d^^r.^.ty,    -  ^/ecH  «»  ##«  M«Ay 
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wheels  harsli  thunder**'  After  a  few  minutes  it  stopped ;  and 
DOW  the  worship)  of  the  god  began.  A  high  priest  mounted  the 
car  in  front  of  the  idol,  and  pronounced  his  obscene  stanzas  inth« 
Mrs  of  the  people  ;  who  responded  at  intervals  in  the  same  strain. 
^  These  songs/  said  he,  ^  are  the  delight  of  the  god.  His  car  can 
^  only  move  when  he  is  pleased  with  the  song.'  The  car  moTed 
on  a  little  way  and  then  stopped.  A  boy  of  about  twelye  years 
was  then  brought  forth  to  attempt  something  yet  more  lasciTious,  if 
peradventurc  the  god  would  move.  The  ^  child  perfected  tht 
praise'  of  his  idol  with  such  ardent  expression  and  gesture,  that 
the  god  was  pleased,  and  the  multitude,  emitting  a  sensual  yell  of 
delight,  urged  the  car  along.  After  a  few  minutes  it  stopped 
again.  An  aged  minister  of  the  idol  then  stood  up,  and  with  a 
long  rod  in  his  hand,  which  he  moved  with  indecent  action^  com* 
pleted  the  variety  of  this  disgusting  exhibition.  I  felt  a  confcioos. 
ness  of  doing  wrong  in  witnessing  it.  I  was  also  somewhat  ap- 
palled at  the  magnitude  and  horror  of  the  spectacle;  I  felt  like  a 
guilty  person  on  whom  all  eyes  were  fixed,  and  I  was  about  to 
withdraw.  But  a  scene  of  a  different  kind  was  now  to  be  pre. 
sented.  The  characteristic  of  Moloch's  worship  are  obscenity  and 
blood.     We  have  seen  the  former.     Now  comes  the  blood. 

^^  After  the  tower  had  proceeded  some  way^  a  pilgrim  an« 
nounced  that  he  was  ready  to  oflfer  himself  a  sacrifice  to  the  idoL 
Be  laid  himself  down  in  the  road  before  the  tower* as  it  was  nov. 
ing  along,  lying  on  his  face,  with  his  arms  stretched  forwards.-— 
The  multitude  passed  round  him,  leaving  the  space  clear,  and  be 
was  crushed  to  death  by  the  wheels  of  the  tower.  A  shoot  of  joy 
was  raised  to  the  god.     He  is  said  to  smile  when  the  libation  of 


*  Two  of  the  military'  geotlemcn  had  mounted  my  elephant  that  tbey  aughl 
witness  the  spectacle  while  I  walked,  and  bad  brought  him  close  to  the  tover; 
but  the  moment  it  began  to  move,  the  animal,  alarmed  at  the  unusual  noise, 
took  fright  aod  nm  off  through  the  crowd  till  he  was  stopt  by  a  wall.  Hie  oa- 
taral  fear  of  the  elephant,  lent  he  should  injure  human  life,  was  remarkably 
exemplified  on  this  oecasioo.  Though  the  crowd  was  very  closely  set,  be  en* 
deavonred,  in  the  midst  of  his  own  terroPy  to  throw  the  people  off,  on  both 
fides,  with  his  feet^  aad  it  was  found  that  he  had  only  trod  upon  one  penoa* 
ft  was  with  great  concern  I  afterwards  learnt,  that  this  was  a  poor  womaa« 
and  that  the  fleshy  part  of  her  leg  had  been  torn  off.  There  being  no  oMdical 
person  here,  lieutenant  Woodoock,  with  great  humanity^  endeavoured  to  dresv 
the  woond,  and  attended  bcr  dally ;  and  Mr.  Hunter  ordered  ber  to  be  nrrrlW 
wlib  every  thing  that  Bigjiit  conduce  to  her  recovery. 
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Uic  blood  is  made.  The  prtfple  threw  cowries,  or  small  monej, 
on  (he  body  of  (he  ficlim,  in  approbation  of  Ihc  deed.  He  was 
left  to  Tiew  a  considerable  time,  and  was  then  carried  by  the  Hur. 
ries  to  tbf  Gulgolha,  nhere  I  have  just  been  viewiog  his  remutu. 
How  mach  I  wished  that  the  proprietors  of  India  stock  could 
ha*e  atleoded  the  wheels  of  Juggernaut,  and  aeen  this  peculiar 
lource  of  their  reveoue." 

"  Juggernaut,  20(A  June,  IKM. 


> 


'  Molloch,  hnrriit  kirtj;,  bpsmeorcd 
'  OrhuniBn  srcrificr,  and  parcnli'  I 


'*  ■■  The  horrid  solemnities  slill  continue.  Yesferday  a  wo. 
man  devoted  herself  to  the  idol.  She  laid  herself  down  on  the 
road  in  an  oblique  direction,  so  that  the  wheel  did  not  kill  her 
instantaneously,  as  is  generally  the  case  ;  bnt  she  died  in  a  few 
hours.  This  morning  as  1  passed  the  Place  of  Skulls,  nothing 
remained  of  her  but  her  bones, 

"  And  this,  thought  I,  is  the  worship  of  the  Brahmins  of  Htn. 
dostan,  and  their  worship  in  its  Eublimeat  degree  !  What  then  shall 
we  tbink  of  their  private  manners,  and  their  moral  principles! 
For  it  is  cijually  true  of  India  as  of  Europe.  If  you  would  know 
the  state  of  the  people,  look  at  the  state  of  the  Temple. 

*'  1  was  sucprised  to  see  the  Brahmins  with  their  heads  unco- 
vered in  the  open  plain  falling  down  in  the  midst  of  the  Sooden 
before  '  the  horrid  shape,'  and  mingling  so  cumplacenlly  with 
'  that  polluted  cast.'  But  this  [Toved  what  I  have  before  heard, 
that  so  grtat  ■  god  is  this,  that  the  dignity  of  high  cast  disappears 
before  him.  This  great  king  recognises  no  distinction  of  rank 
■moag  his  subjects,  all  men  are  equal  in  his  presence." 

H  "Juggernaul,  ZitiJurte,  1806. 

^^*  The  idolatrous  processions  contlnuo  for  some  days  longer, 
bnt  my  spirits  are  so  exhausted  by  the  constant  view  of  these  enor- 
mities, that  I  mean  to  hasten  away  from  this  place  sooner  than  I 
at  first  intended.  I  beheld  another  distressing  scene  this  morning 
at  the  Place  of  Skulls  ; — a  poor  woman  lying  dead,  or  nearly  dead, 
and  her  two  children  by  her,  looking  at  the  dogs  and  vultures 
which  were  near.  The  people  passed  by  without  noticing 
lh«  children.     I  asked  them  where  was  their  home.     They  laid, 
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^  they  had  no  home  but  where  their  mother  was.'^-O,  there  ii  no 
pity  in  Juggernaut !  no  mercy,  no  tenderness  of  heart  in  Molock"! 
kingdom !  Those  who  support  his  kingdom,  err,  I  tnut,  froi 
ignorance.     *  They  know  not  what  they  do.*' 

^^  As  to  the  number  of  worshippers  assembled  here  at  this  Hmt, 
no  accurate  calculation  can  be  made.  The  natites  theniiches 
when  speaking  of  the  numbers  at  panicalar  festiTals,  asoaOjr  nj 
that  a  lack  of  people  (100,000)  would  not  be  misted,  i  asked  t 
Brahmin  how  many  he  supposed  were  present  at  the  nost  ai- 
merous  fesdYal  he  had  e?er  witnessed.  ^  How  can  I  tell|'  said  he, 
^  how  many  grains  there  are  in  a  handful  of  sand  ?" 

<^  The  languages  spokeKi  here  are  yarious,  as  there  are  Hiadooi 
from  eTery  country  in  Indi :  but  the  two  chief  languages  ia  mt 
by  those  who  are  resident,  are  the  Orissa  and  the  Telinga.  Tie 
border  of  the  Telinga  country  is  only  a  few  miles  distant  fraa  thi 
tower  of  Juggernaut*." 

«  Chilka  Lakej  %iih  Jmte. 

<<  «— »  I  felt  my  mind  relieved  and  happy  when  I  had  pmd 
beyond  the  confines  of  Juggernaut.  J,  certainly  was  not  prqaiffd 
for  this  scene.  But  no  one  can  know  what  it  b  who  has  aotSMt 
H.  From  ^n  eminence  f  on  the  pleasant  banks  of  the  Chilka  Uw 
(where  no  human  bones  are  seen)  I  had  a  view  of  the  Idfty  Cover 
of  Juggernaut  far  remote  ;  and  while  I  viewed  it,  its  abomioatioii 
came  to  mind.  It  was  on  the  morning  of  the  Sabbath.  RnoiioBt 
ing  long  on  the  wide  and  extended  empire  of  Moloch  in  the  hfi- 
then  world,  I  cherished  in  my  thoughts  the  design  of  some  *  Chr»« 
tian  Institution,'  which,  being  fostered  in  Britain,  my  Chri&tiai 
country,  might  gradually  undermine  this  baleful  idolatry,  aodpst 
out  the  memory  of  it  for  ever/' 


*  It  will  give  plpasure  to  tbe  reader  to  liear,  tliat  a  traoifaUion  of  the  Htlj 
Scriptures  ii  preparing  in  Orifsa  and  Telinga,  tbe  huiguages  of  Juggeraiati 
f  Manickpatam. 
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jlnnuai  Expentei  of  the  Idol  Juggernauij  presented  to  the 

English  Government, 

[Extracted  from  the  Official  Account.] 

1.  Expenses  attending  the  taUe  of  the  idol 
9.  Dittoof  his  dress  or  wearing  apparel  • 
S.  Ditto  of  the  wages  of  his  serrents  .  . 
4.  Ditto  of  contingent  expanses  at  the  dif- 
ferent scnsans  of  pilgrimage  •  .  • 
5«  Ditto  of  his  elephantc  and  horses  •  • 
0b  Ditto  of  his  rott  or  annual  state  carriage 


Eapeef.  jf.  Strrliag. 

36,11 5  or  4,514 

«,7J« 

339 

10,067 

1,U9 

10,980 

1,373 

3,030 

378 

«,713 

839 

69,610 

£S7n 

**  In  item  third,  <  wages  of  hb  seirants,*  are  indoded  the 
wagea  of  the  courtesans,  who  are  kept  for  the  serrice  of  the  temple. 

M  Item  sixth.— What  is  here  called  in  the  official  account  <  the 
afartn  carriage/  is  the  tuae  as  the  car  or  tower.  Mr.  Banter  ia« 
turned  me  that  the  three  *  state  carriages'  were  decorated  this  jear 
Qm  Jnne  1805)  with  upwards  of  WOL  sterh'ng  worth  of  English 
kfond  cloth. 

<<  Of  the  riles  c^brated  in  the  interior  of  Jaggemant,  called  the 
DMttljr  Serrice,  I  can  say  nothing  of  mjr  own  knowledge,  not  haring 
kuM  within  the  templf^*.'* 

Dr.  Suehanan*s  Christian  Researches  in  India, 


•  «<At  the  Traple  •€  JacfmaaC,  the  Ei««iJb  c^y^rigrt  Irrr  •  <»>  •■  f*^ 
friiaiatowce  of  iiii— i.  The  int  law,  ^racted  b%  the  BeapJ  gmwrmmem 
aw  this  r«rp«e,  wmemiOtd  ^  Awer^'jimfm  U^jm^  ^  tn  frmm  pileiim 
aaevtiag  to  the  Temple  of  JaaaefaaBt»  aa4  fee  the  wifrna  rmimnrr  ttt mmd  «a» 
itaf  the  Teaple.— Pa««^  U  of  April,  1^  V  Aaafher  recirfMleo 
la  Beagid,  ia  A«»ril,  1809.  mnm4lmt  «•  anr*?  *4  ta^  tmrntrf  m  rc« 
lated  Ca  ihe  '^  iaterior  ■aaagrariiA  ac4  c«c  root '  of  Umt  Teai^  I  h«C  MMfi* 
aniagthelevjiag  the  tax  frMi  pilaris  for  a4ii£M*'<a  !•  the  ««plei  allMliag 
a  lan  toward  the  ezpeaMi  of  the  idM ;  aad  ^Rppoiatiag  aa  ••c«t  of  ^'n^rm^ 
■Kat  to  calicct  the  tax.  CH'thb  ircaad  rcgirfaiioa,  the  aathinf  r^twtd  ao  fas* 
tiaadlaa  aatil  the  thiri  cditiaa  of  ia  a^rh  «»  pal  lo  prcw.  la  the  IWaMf 
a^itioD^  it  wm  i<ate4  Urn  the  Temple  mm  aa^er  the  imwrlil' 
aadcoatfuelof  theEfMyn— I'tl  which  he  ieaow  happjr  lo  aad 
net  the  fret  at  the  lime.     Whcfcr  the  accsam  a#  the  aew  n$man$9  M 


UORAt,  OB  CEMBTIST  AND  TEUPLB. 


E&CTIOM  VII. 
Moral,  or  Cemetery  and  Temph  of  the  Jmtr0it*ia»  I 

One  nf  Wit  most  singular  iliscoveries  which  occnrred  tot! 
CouV  ul  0:nhi-ilp,  nan  tV.e  ncxeA  tdifictrs  wUch  tti«  i 
Avnomtn.iUA  Moriil:,,  and  nliicli  were  appn>priftl«]   lo  tiiK'dl 
purpose  orplacrs  of  irorship,  and  sepulchres:  And  ibe  p 
since  ajiptared  l<i  the  learned  world  as  extnsrdioary  as  | 
for  the  woni  Mar-ni  i>  li'prally  a  Ureek  componiM)  Me^  «M^''^ib 
region  of  diatli  ;  thuiigli  it  is  prubabie  that  the  i 
veil  as  iht!  Cir<-.')(!i,  diriTcJ  (liv  ttrm  frum  the Suicril,  I 
js  pqually  to  be  rciind. 


e  Aovtraliilifaw 


trorlicil  Enshnd  brforc  the  Ijt  orjniy,  IttlO,  wIifd  bi?  iu 
riDliri:  Ihr  'Ulijrcl,  he  Aar-t  not  Lnaw.    Bui  he  hu  it  ooir  ir 
idunime  to  the  public  (he  fulliitrlng  suthrnljc  ioftiTmUiaa, 
In  rhi-  liunurnhk  Couri  at  Dtnclan.,  u  lo  ihc  pnri  (hey  haie  iMkca I 
trr,  iinglil  la  he  knoun. 

Whrnlhe  Brngal Bnv<'rnni''nt  fli>i  anoannced  their  r^alailun  af  I 
April,  IBOfl,  III  ihe  Court  of  Direrlon,  (which  they  did  by  letlcr. 
May,  IWti,)  ihrvcomiauniratPdiheirlQlrnKoDofduUiigil 
ralloD)  llierirn  i — uamely  In  pemll  "  certiUn  oScer*  of  tha 
tNeIr  fce>  din-rrty  Trnm  Ihe  pil^rinu  agreeably  (o  roroer  ungei 
rciiriiii:  the  nnioiiiil»rihDicfivi from  iIk  public  ireuarj':  toalla 
who  are  Iu  •.uprnntrnd  (be  affairt  oT  the  lcm|i1e,  la  be  elected  bj  | 
rki)'i'<nr  |>.'r<ii>ii>  nttarhcil  Id  ii,   iuslrnd  of  being  appelated  by 
nrnl  (   nnd  luiiM  in  ihc  Pundils  iDelrclrd,  Ibeeutire  caBtraBi  i 
plv  and  ila  iuinifter>  Bad  ullicrn,  a»  ne]l  «i  orer  llic  fund*  i 
prnirt  ;  TolrlcliopE  Ihe  imeireience  of  Ihe  offiten  at  i 
KTVulioBof  rlir  pi'acriif  Ihe  Inwn,  lo  the  pratecltou  of  pilgriMal 
(ioD  nnd  eilnriiiin,  nnd  lo  the  collection  of  Ihc  Ui  lo  be  i 

When  thii  siibieci  ume  nndrr  the  notice  of  the  Coon  rf  I 
year  )&ai,  ihey  thought  it  proper  to  pcopotei  diitincl  (latntiatl|Ef 
upon  it  ta  the  Bcnj^l  Eoverament ;  and  they  prepaied  a  IfUc^l 
enioincii,ihii  the  government  ihou Id  nil  elect  the  pricwi  wte  Wcwm 
tend  Iheaflajn  of  the  Temple,  or  eierciM  ■  conltoul  ova  ki  miniiEcn  t 
cert,  or  take  the  minagement  of  it  fundi  ;an<l  lliu  the  eacrctx  ol  tlic  anik 
Ihc  govctiiment  ihoulil  eitend  only  to  objecli  fallins  dircFily  within  llie  ) 
of  the  iiiigiKritei,  ai  the  care  ol  the  police,  ihc  adraliiiMnlLon  of  jnali 
the  collccllon  of  luch  a  tai,  prolcuedly  for  tbce  endi,  ai  thoald  be  reqN 
their ducaitiinmi-nl  ofihem';  notaubjectlnglheUindoratoan)'  tas  foe  i 
tbe  place  of  devotion,  or  under  the  notion  of  gnntmg  them  i 
aiDfioleni]nEidolairy,incoiuidentioaof  moDcy.  TbeCownof  Dincurtibtfi 
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lUSTPALASIAN  ISLANDS, 

^<Tfie  Moral  has  siuce  bueci  (uund  in  ihi?  Sandwirh  Islands,  and  in 
MSt  all  the  various  groups  whicli  liulong  to  Australaiia  ;  but  in 
Ofahcite  we  meet  with  il  in  its  most  eilensiytand  celebraled  form. 
In  this  island  it  consists  of  a  pile  of  stone  raisrd  pyramidically  upon 
an  oblong  base  or  square  two  hundred  and  sixty-seven  feet  long, 
8nd  f  ighly.sevcn  wide.  On  each  side  is  a  flight  of  steps ;  those  at 
the  sides  being  broader  than  those  at  the  ends;  so  that  it  termi. 
nated  not  in  a  square  of  the  same  figure  with  the  base,  but  in  a 
ridge  like  the  roof  of  a  house,  Ther<;  were  eleven  of  these  slept 
to  one  of  the  morals,  each  of  which  was  four  feet  high,  so  that  the 
height  of  the  pile  was  forty. four  feet ;  each  Step  was  formed  of  ona 
course  of  white  coral  stone,  which  was  ni'stly  squared  and  pa. 
lished  ;  the  rest  of  the  moss  {for  there  was  no  hollow  within)  con. 

ncr,  were  over-ruled  in  thii  pcocceding  by  ■  aupeiiai  auiliority.  which  thooiiht 
il  lufficicnt  la  xequicKc  gciiriall)'  in  nhai  ihc  Bengal  i;ovpminent,  in  thcit  above- 
meniioncd  letKr  of  the  lOih  Mny,  iBoe,  propoicd  shotjld  be  done. 

By  the  same  superior  BulhoiilyanolhcidiipaichwaE  tubiliiuted  lo  thu  effect, 
in  nhichit  »ai  staled,  Ihal  OS  the  tax  on  pUgiinu  lewilinf;  lo  Allahabad  and 
JugSemaut.  wat  eftablisbed  durinElhe  NawBub's  andlhr  Matantila  govemmcnt, 
tbree  did  nof  appear  (o  be  any  objeclon   id  its  coniinuance   under  the  British 

Tlit  subiliiuied  dispatch  went,  as  ihe  law  diMcis,  in  the  name  of  ihe  Court  o( 
Diicclors,  allhough  il  wai  m  a|ipc»ilion  lo  their  tenlimenls.  Bui,  before  II  *r< 
rived  in  Bengal,  the  government  ihere  had  passed,  by  iheii  own  authority,  ihe 
Kgalation  of  April.  ISOO. 

Thai  pari  of  the  province  of  Otisia,  uhich  conlainj  ihe  Temple  of  Jucger- 
naul.  fintbceame  subject  lo  l!ie  British  Empire  undei  the  admiaistrailon  of 
Marqnii  Wellestey,  who  pcrniilled  Ihe  pilgrims  al  fiiBt  lo  visit  Juggernaut  wilb- 
out  paying  Iribule.  It  was  proposed  lo  his  lordship,  soon  after,  lo  pass  ihe  regu- 
lation  first  above  mentioned  tor  ihe  manaKcmenl  of  the  temple,  and  levying  ihe 
lax ;  but  he  did  not  approve  of  it,  and  actually  lefi  Ihe  government  nilhout 
giving  his  sanclion  lo  the  opprobrious  law.  When  the  mtaiure  wat  discusied  by 
the  sacceeding  governmenl,  il  was  resisted  by  fieorge  Udney.  Esq.  one  of  ihc 
memben  of  tlie  Supreme  Council,  who  recorded  his  solemn  diiscnl  on  the  pri^ 
ccedinp  of  goiemment,  far  Iraiumission  to  England.  The  other  members  con- 
ridered  Juggernaut  to  be  a  legilimalc  soarce  of  reienue,  on  the  principle,  I  be- 
lieve, thai  iDoary  from  olhcr  lemplrs  in  Hinduil.in  luid  long  been  brooglil  into 
■be  trcoiury.  Iliijuil  Ibat  I  should  siaie  ihai  llirae  grnllemaD  are  men  of  ihe 
Bosl  honnnmble  principles  and  of  unim  peached  integrity.  Nor  trnuld  anyone 
of  them,  I  believe,  (fiir  I  have  the  honour  to  know  them]  do  any  thing  which 
helhoughi.njorioujloihehonour  or  leligion  of  his  country,  Bui  ihe  imth  la 
this,  ihatthoie  pcnoniwhogo  to  India  in  eaily  youih,  and  wiinei  the  f^indoo 
cuatonuall  Iheir  life,  seeing  little  at  ihc  same  lime  of  the  Chriiltan  religion  to 
counteract  the  (Sect,  are  disposed  lo  vien  ihem  with  complacency,  and  ate 
Nitictlm«  in  danger  of  at  length  conaidcnug  (hem  even  m  proper  oi 
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listed  of  round  pebble,  which  from  the  regularity  of  their  6gm^ 
seem  to  have  been  wrought.    The  foundation  was  of  rodL 
which  were  also  squared.     In  the  middle  of  the  top  stood  an 
of  a  bird  carred  in  wood,  and  near  it  lay  the  broken  oaa  of  a^M 
carved  in  stone.     The  whole  of  this  pyramid  made  port  of  #■•  d|i 
of  a  spacious  area  or  square  three  hundred  and  sixty  feet  fay  Iteli 
hundred  and  fifty. four,  which  was  walled  in  with  stone,  and  ptTol 
with  flat  stones  in  its  whole  extent.     About  one  hundred  jranb  ts 
the  west  of  this  building  was  another  paved  area  or  court,  in  winch 
were  several  small  stages  raised  on  wooden  pillars  nboat  seven  feet 
high,  which  are  called  by  the  Indians  ewaiioi,  and  seem  to  be  a 
kind  of  altars,  as  upon  these  are  (liaccd  provisions  of  all  kindii  si 
ofTorlngs  to  their  gods.     On  some  of  them  were  seen  whidohagi^ 
and* on  others  the  skulls  of  above  fifty,  besides  the  akiilli  of  muj 
dogs.    The  principal  object  of  ambition  among  the  nativns  li  Is 
have  a  magnificent  morai.  The  male  deities  (for  tliey  have  fhea  of 
both  sexes)  are  worshipped  by  the  men,  and  the  female  by  fte  we- 
men  ;  and  each  have  morals,  to  which  the  other  sex  isnotadnftii^ 
though  they  have  also  morals  common  to  both. 

[^Cook*i  yoyagei.  Uawkenrnt^ 

I 

SECTION    VIII, 

Architcriural  Remains^  at  MyloiA*  '  * 

Mylasa,  or  Mylassa,  was  the  capital  of  Heoatomnns, 
Caria,  and  father  of  Mausohts.     It  has  been  described  u 
by  a  very  fertile  plain,  with  a  mountain  rising  above  it,  in 
was  a  quarry  of  Yery  fine  white  marble.    This  being  near| 
ceedingly  convenient  in  building,  and  had  contributed  grani^jii 
the  beauty  of  the  city,  which,  it  is  said,  if  any,  was  Tianrtiup^f 
adorned  with  public  edifices,  porticoes,  and  temples.     The 
was  so  numerous,  that  a  certain  musician  entering  tho 
place,  as  if  to  make  proclamation,  began,  instead  of  (Axaib  Ami) 
JJear  ye  People^  with  (Axtf£7£  Naoi)  Hear  ye  Tefmptee^   .Ths 
founders  of  the  city  were  censured  as  inconsiderate  in  pindng  it 
beneath  a  steep  precipice,  by  which  it  was  commanded*  -  Uader 
the  Romans  it  was  a  free  city.    Its  distance  from  the  sen,   wbeie 
nearest,  or  from  Physcns  opposite  the  island  of  Rhodes,  was  e%|Mtf 
stadia,  or  ten  miles.     It  is  still  a  large  place,  commonly  oplled 
Melasso.    The  houses  are  nnmerons,  but  chiefly  of  plaster,  tnd 
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mean,  wilb  trees  intenpersEd.     The  air  b  accounted  batl ;  and 
scorpioas  abound  as  aniiently  ;    enterin*  often  at  ihe  doers  and 
windons,  and  lurking  in  the  rooma.     The  plain  ii  iiirroundcd  by 
iotty  moantatii»,  nnd  cuUiTated  ;  but  has  Ion;;  been  parched  i 
bare,  except  some  spats  green   with  Ihe  (obaccu  plant,   which  in    > 
fowi-r  is  pteiaing  lO  the  eyi-. 

Our  first  enqniry  was  for  the  temple,  er»cffd  about  IweKe  yetri 
fc«fore  the  Christian  lera,  by  the  peuple  of  .Mylasa,  lo  Angu^lui 
Ckssf,  and  the  Goddess  of  Rome  ;  which  was  slandin,;  nnt  many 
years  aco.  We  were  shown  the  tiaspment,  which  remains  ;  and 
wi<re  informed,  the  ruin  had  beon  demolished,  and  a  new  Mosque, 
which  we  saw  on  the  mounuin-side,  atiote  tlie  town,  raimd  with 
the  marble.  The  hoase  of  a  Turk  occupying  the  site,  we  em. 
played  Ihe  Hungarian  lo  treat  with  him  for  admission  ;  but  h» 
affirmed  we  could  see  nothing  ;  and  added,  that  there  was  hit 
lurem,  or  the  apartment  of  his  women,  which  was  an  obstacle  not 
to  be  surmounti'd.  It  had  six  columns  in  front,  and  the  whoU 
Domber  had  been  iwt^nty.lwo. 

On  the  hill,  and  not  far  from  the  basement  of  the  temple,  is  a 
colomn,  of  the  Corinthian  order,  slunding,  with  n  flal-raored  col- 
ttgt,  upon  a  I'iece  of  Eolid  wall.  It  liaa  supported  a  statue;  and 
90  the  shaft  Is  an  inscription  *.  *'  The  people  have  erected  it  lo 
Menuider,  son  ofOuliedes,  SDnofEtithydEmns,  a  benefactor  to  his 
eonatry,  and  descended  from  benefactors."  The  Turk,  wlio  li?ed 
in  the  callage,  readily  permitted  a  ladder  to  be  placed  on  the  ler« 
nee  for  measuring  Ihe  capKal,  which  was  done  as  eipeditiousty  a* 
possible,  but  rot  before  we  were  informed,  that  sercral  of  the 
inhabitants  murmured,  because  their  houses  were  OTerlookeil. 
Besides  this,  two  fluted  columns,  of  Ihe  Ionic  order,  remained  not 
BUay  years  since. 

Eotbydemus  Ihe  ancestor  of  Menander,  was  contemporary  with 
Aogaslus  Cxsar.  He  was  of  an  illuatvious  family,  and  possessed 
■n  Ample  patrimony.  He  was  eloquent,  and  not  onlj'  great  in  bis 
own  conntry,  but  respected  ns  Ihe  first  person  of  Asia  Minor. 
Dis  power  was  so  advantageous  to  the  city,  that,  ifit  savoured  of 
lycanoy.  the  odium  was  o*ercome  by  its  utility.  Ilybreas  con- 
cluded an  oration,  with  telling  him  he  was  a  neceraary  eiiU.  This 
demagogue,  who  succeeded  Fiothydemus,  had  inherited  only  a  mult 

•  Inicripl.  Aal.  p.  XT. 
TOl.  VI.  i  K 
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and  its  driver,  employed  then,  as  many  now  are,  in  bringing  wood 
from  the  mountains  for  sale*. 

Reiieatli  the  hill,  on  the  east  side  of  the  town,  is  an  ftrcb  or  piN 
way  of  marble,  of  the  Corinthian  order.     On  the  ke7.itoBe  of  tk 
exterior  front,  which  is  eastward,  wc  obserred  a  double JuUdM^H 
on  the  tMo  marblis  near  Myus.  It  was  with  difficnity  we  fK9pmd 
ladders  to  nach  the  top  ;  and  some  were  broken,  beibre  wm^tM 
find  thne  !>uiIii-iontly  long  and  strong  for  oar  purposo.    Thadl|| 
up,  when  these  were  united,  was  not  without  danger.     TW  J|i 
had  expribSi-d  some  wonder  at  our  employment,  as  descrflnlto 
liim  ;  and  seeing  one  of  my  com|)anions  on  the  arch,  from  a  vib 
dow  of  his  house,  which  was  opposite,  pronounced  hioif  as  wc 
were  told,  a  brave  fellow,  but  without  brains*     We  deilrod  hia  to 
accept  our  umbrella,  on  his  sending  to  purchase  it  for  a  premttt 
a  lady  of  his  harem,  who  was  going  into  the  conntrj.     By  tk 
arch  was  a  fountain,  to  which  women  came  with  earthen  pitckcn 
for  water,  and  with  their  faces  rouiRcd. 

We  saw  a  broad  marble  pavement,  with  vestiges  of  a  tbcstiffi 
near  the  Corinthian  column.  Toward  the  centre  of  the  town,  n 
observed  a  small  pool  of  water,  and  by  it  the  massive  arckftf 
some  public  edifice.  In  the  conrt  of  the  Aga^s  house  wssa 
altar  much  ornamented.  We  found  an  altar  likewise  la  At 
streets,  and  a  pfdestal  or  two  half  buried,  with  piecei  of 
wall.  Round  the  town  are  ranges  of  broken  columns,  the 
nants  of  porticoes,  now,  with  rubbish,  bounding  the  Tiniyaft- 
A  large  portion  of  the  plain  is  covered  with  scattered  fri 
and  with  piers  of  ordinary  aquxducts  ;  besides  inscript]oni| 
ruined  and  illegible.  Some  altars,  dedicated  to  HecatommigkP 
been  discovered. 

About  a  quarter  of  a  mile  from  the  town  is  a  sepulchre  t|  ef  fe 
species  called  by  the  ancients,  Df$tga  or  DoubUmrocifcdL  IkUKU^ 
sisted  of  two  square  rooms.  In  the  lower,  which  has  a  dooB^lpyi 
were  deposited  the  urns  with  the  ashes  of  the  deceased.  la  As 
upper,  the  relations  and  friends  solemnized  the  annlTeraavy  ef  ft> 
funeral,  and  performed  stated  rites*  A  hole  made  fhmmjkjb 
floor,  was  designed  for  pouring  libations  of  honey,  milk^  mr  Mm^ 
with  which  it  was  usual  to  gratify  the  manes  or  spirits.  Theiiif 
is  remarkable  for  its  constrnctiouj  bnt  two  stones  are  wantia||^  wl 
some  distorted.    It  is  supported  by  pillars  of  the  Corintbian  oids^ 

•  Stnibo,  p.  639. 

f  See  a  limilar  edifice  io Mount fauc 00,  t.  5.  Cab.  87. 
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flu(«d,  some  of  which  have  suffered  from  violence,  being  hewn  n 
the  bases,  with  a  view  to  destroy  the  Tabric  for  the  iron  and  mate. 
rials.  The  shafts  are  not  circular,  but  elliptical  *  ;  and  in  the  angu. 
lar  columns  square.  The  reason  is,  the  sides,  which  are  now  open, 
wer«  closed  with  marble  pannels;  and  IJiat  form  was  necessary  to 
give  them  a  due  projection.  The  inside  has  been  painted  bine. 
This  structure  is  the  first  object,  as  you  approach  from  Jasus,  and 
stands  by  the  road.  The  entrance  was  on  the  farther  side,  the 
uceDt  to  it  probably  by  a  pair  of  steps,  occasionally  applied  and 
rMBOted,  iCIiaiidter. 


SECTION   IX. 


^P  Temple  of  Heliopolii  or  BalbeA. 

IIiLio?OLis,  the  llalbeck  of  more  modern  times,  is  mentioned 
by  the  Arabians  as  the  wonder  of  Syria  ;  and  such  of  our  European 
itBTellers  as  hare  fiailed  it,  are  so  charmed  with  what  they  beheld 
there,  that  they  arc  at  a  loss  how  to  express  their  admiration.  On 
the  soulii  west  of  the  town,  which  stands  in  a  delightful  plain  on  the 
west  foot  of  Aniilibanua,  is  an  heathen  temple,  with  the  remains  of 
some  other  edifices  ;  and,  among  the  rest,  of  a  magnificent  palace. 
These  ancient  structures  liare  been  patched  and  pieced  in  later 
times,  and  conrerted  into  a  caslle,  as  it  is  called.  As  you  draw 
near  to  these  venerable  ruins,  you  meet  with  a  rotunda,  or  ronnd 
pile  of  building,  incircled  with  pillars  of  the  Corinthian  order, 
ithich  support  a  cornice  that  runs  all  round  the  structure;  the 
whole  of  great  elegance  and  stateliness,  but  now  in  a  Tery  tottering 
condition.  It  is  mostly  of  marble,  and,  though  round  on  the  ont- 
side,  is  an  oclagou  within ;  being,  in  the  ]n»ide,  adorned  with  eight 
arches,  supported  by  eight  Corinthian  columns,  each  of  one  piece. 
It  is  now  open  at  top,  but  appears  to  have  been  covered  and  em. 
bellished  with  the  figures  of  eagles.  The  Greeks,  who  hare  con. 
Terted  this  round  into  a  church,  ha*e  spoiled  the  beauty  of  the  in- 
side, by  daubing  it  oier  with  plaster.  Leaiing  this,  you  come  to 
a  large,  firm,  and  very  lofty  pile  of  building,  Ihroagh  which  yon 
pus  into  a.  noble  arched  walk  or  portico,  one  hundred  and  fiftj 
paces  long,  that  leads  to  the  temple. 
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This  temple  has  resisted  the  injarfes  of  time,  and  tkeBadaeaof 
saperstition,  being  yet  almost  entire.     It  is  an  oblong  sqnara,  ta 
its  general  form  and  proportioui  exactly  like  Stv  Pknl'Sy  Coteit 
Garden  ;  bnt,  for  magnificence  of  structure  and  ditMBsioii,  than 
is  scarce  any  comparison,  thh  temple  being  almost  aa  big  agiia 
every  way.     Its  length  on  the  oatside  is  one  hundred  and  Binftj;i 
tiro  feet,  and  its  breadth  ninety  .six  ;  its  length  in  the  inidaoM 
hundred  and  twenty  feet,  and  its  breadth  sixty.     The  pronaoi|  or 
ante.temple,  took  up  fifty-four  feet  of  the  hundred  and  lutty,  M 
is  now  ruined ;  and  the  pillars  which  supported  it,    are  brolui. 
The  whole  body  of  this  temple,  as  it  now  stands,  is  sarroaaM 
with  a  noble  portico,  supported  by  pUlars  of  the  Corinthiaa  er. 
der,  six  feet  three  inches  in  diameter,  about  fifty.four  in  htiglli 
and  each  of  three  stones  apiece.     Their  distance  ftouk  each  otkri 
and  from  the  wall  of  the  temple,  is  nine  feet.    There  skre  fbartiCB 
of  them  on  each  side  of  the  temple,  and  eight  at  each  end,  eaosik 
ing  the  comer  pillars  in  each  number.   The  architrave  asd  eoiaici^ 
which  are  supported  all  round  by  these  pillars,  are  exqnalB^ 
carred.     And,  as  you  walk  round  this  temple,,  between itiaal 
and  the  pillars  which  go  round  it)  you  haye,  OTer  head,  a  soU  » 
cade  all  the  way,  of  great  stones  hollowed  out  archwise ;  ia  ii 
centre  of  each  of  which  is  a  god,  a  goddess,  or  a  hero  struck  wi 
with  that  life,  that  is  not  to  be  conceived,  and  all  round  thaM 
of  the  w&ll  of  the  temple  itself  is  a  doable  border  of  naibtoi  lb 
lowest  part  of  which  is  a  continued  bas-relief  in  miniatarsb  ^ 
pressing  heathen  mysteries  and  ceremonies;  where,  wkheataif 
confusion,  you  see  a  surprising  mixture  of  men  and  beasts,  laAi 
most  happy  composition,  and  most  agreeable  rariety* 

Haring  thus  described  the  outside  of  this  temple,  we  proesf4ll 
the  inside ;  but  let  us  first  take  a  view  of  the  entrance,  than.  «M 
nothing  can  be  more  august.  The  ascent  to  it  is  by  thirty  Htfi 
en  each  side  bounded  by  a  wall,  that  terminates  in  a  pedestdi « 
which  formerly  stood  a  statue,  as  we  may  naturally  suppose,  tb 
front  is  composed  of  eight  Corinthian  pillars,  as  we  iuiTe  alnd|f 
said,  fluted,  as  are  all  the  rest  that  go  round  the  temple,  ani  > 
ample  and  nobly  proportioned  triangular  pediment.  Within  thfli 
eight  pillars,  at  the  distance  of  about  six  feet,  are  ibur  otheis,Bi 
the  former,  and  two  pillars  of  three  faces  each,  that  terminaiiAi 
walls  of  the  temple,  which  come  out  a  good  way  from  the  badjf  if 
the  temple  itself.    All  these  form  a  porch  or  portico  befiut  A* 
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sixty  odd :  iktMch  Ocse  jmrnn  afpMts  At  4mr  «f  At  iMfk, 
mder  IW  mM  9t  tW  pMlk» ;  h«t  it  tin*  iffLiiii  wiA  gnat 
WyMtf,  aad  «itkMt  the  iMit  P— fan—  i  m  MCe  n*  Am  prcpor- 

«f  Ifcs  Amc  itttir.  n*  dMr-oM,  or  pMtal,  k  afwc,  nd  W 
— rtlrj  M  prapavtiM  aad  cvMctnctiea  jnt  tike  iW  gicst  nwUe 
porW  at  tkc  WMt  cad  af  St.  Paar*,  bat  br  iScWr  ia  icalplmvt 
aad  iMtfet,  if  «c  nistak*  aat.  TW  whalr  hngltt  of  it  Is  aboal 
tartf  feet,  tad  ill  a  hok  a  tdU  aboal  tacatT-ciffrt,  «i(k  aa  opcwi^ 
af  abovl  tventj  tt*l  wide.  T<ia  u«  ao  tumaet  mdn  lUt  pottal, 
bat,  toafcii^  ap,  jon  wc  tiw  boOaa  af  the  liatd,  cmieh«d  wkfc  a 
pJBBi  of  •calpdvc,  hardlf  la  be  cqaaUad.  It  b  a  vatt  ca^  m 
bi  wBrf,  tmyaadjag  bis  aiaji,  and  carrfi^  a  cadactw  in  V» 
poance  ;  and  on  each  side  of  turn  h  a  Kase  or  Capid  M^wrtiax 
WW  end  of  a  fei toon  by  a  Uriag  or  riUbaad,  tW  otber  beti^  held  is 
Hw  asglr'sbe^k. 

Ai  to  tbe  ia^iile  of  like  temple,  it  b  dirided  uilo  thr^  bin,  two 
Barrow  on  the  tides,  and  one  broad  is  the  middJ*,  after  tb«  maqoer 
of  our  cbnrcfan,  bfing  fenocd  by  two  rows  of  floled  CorintUaa 
pillan,  of  briwecD  tlirM  and  four  fc«t  diaiDe(pr,  and  in  fatriglil, 
including  lite  pedesul,  iboqt  tliirtj.»ii.  These  pillart  ar«  twelve 
(B  Dumlwr,  liz  oa  a  side,  at  tbe  distance  of  about  eighteen  feet  from 
«acb  other,  aod  about  twelte  from  tbe  walls  of  ih^  temple.  Tbe 
wallt  are  adorned  with  two  tout  or  orders  of  pilasters  on«  over 
another,  and  betweeo  each  two  of  the  loxennost  is  a  roond  niche 
aboDt  fiflrca  feet  high.  The  boltom  of  tbe  niches  h  npon  a  leret 
*ith  tbe  basei  of  the  pillars,  and  the  wall  ro  that  be igbt  a  h  ruught 
ia  the  proportions  of  a  Corinlhian  pedestal,  and  the  niches  tbetn. 
•elrea  are  CoriaibiDO  in  alt  iheir  parts,  with  the  strictest  precision, 
and  nicest  delicacy.  Oier  these  round  okbes  is  a  row  of  square 
ones  betweeu  the  pilasters  of  the  upper  order  ;  tbe  ornimenis  be. 
loogiog  to  ibem  are  all  marble,  aod  they  are  each  crowned  witb  a 
triangular  pediment.  Towards  the  west  eud  uf  tbe  middle  isle  yon 
acceud  to  a  choir,  as  it  is  called,  by  thirteen  sirps,  which  are  the 
whole  brtadlh  of  (bis  part.  This  choir  is  distinguished  from  ihi'  rest 
of  the  temple  by  two  Urge  square  columns  adorned  with  pilusters, 
vbicb  form  a  noble  entrance,  exactly  corresponding  with  that  of 
tbe  temple  itself.  Here  u  a  great  profusion  of  iGlonishing  irolp* 
tara;  bul  the  architecture  is  the  same  here  ai  in  the  body  of  the 
3  K  J* 
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temple,  except  that  the  pillars  haTe  no  pedestals,  and  the  nichef 
stand  upon  the  parement.     The  two  large  square  pillars,  which  so 
remarkably  distinguish  this  part  of  the  temple,  are  thought  to  ha?e 
supported  a  canopy ;  but  nothing  of  that  kind  is  to  be  seen  now. 
In  the  bottom  of  this  choir  is  a  Tast  marble  niche,  where  stood  the 
principal  deity  here  worshipped.     In  this  choir  are  seen  the  noit 
finely  imagined  sculptures,  festoons,  birds,  flowers,  fmits ;  and  ise 
bas.reliefs,  Neptunes,  Tritons^   fishes,  sea. gods,  Arion   and  in 
dolphin,  and  other  marine  figures.     The  cieling  or  Tank  of  thii 
tempfe  is  bold,  and  dirided  into  compartments  filled  with  excdlest 
carvings.     It  is  open  towards  the  middle ;  but  whether  a  copohor 
lantern  stood  there  for  the  admission  of  light,  or  whether  it  wtsaL 
ways  open,  cannot  be  judged  at  this  distance  of  time.     In  a  word, 
the  charming  symmetry,  the  correct  taste,  and  the  height  wiierewilh 
all  the  earrings  are  finished,  even  at  such  elevations,  where  so gmt 
niceness  is  thought  unnecessary,  are  such,  that  It  may  be  tmly  sad, 
the  whole  pile  is  without  the  least  blemish.     The  whole  9bak 
upon  Taults  of  such  excellent  architecture,  and  so  bold  a  tan,  Ait 
it  b  thought  they  served  for  something  more  than  merelj  te  np* 
port  of  the  superincumbent  weight,  and  nay  have  been  si  wMn* 
raneons  temple,  applied  to  some  particular  service  in  tlie  F^a 
worship.     And,  though  tiiis  temple  now  stands  by  itself,  there  tif 
evident  marks  that  it  was  accompanied  by  other  buildings,  ao  vsf 
unworthy  of  it ;  among  which  are  reckoned  four  difierent  aieesli 
to  it,  one  upon  each  angle,  with  marble  steps  so  long  tliatei^sr 
ten  persons  may  go  up  abreast. 

Within  the  walls  of  this  castle,  as  it  is  now  called,  are  alsognit 
remains  of  what  must  have  been  a  palace  scarce  inferior  to  nf 
royal  seat  that  has  ever  been  in  the  world ;  but,  being  by  no; 
in  so  perfect  a  state  u  the  temple,  we  shall  speak  of  it  in 
terms,  and  of  such  parts  only  as  deserve  our  greatest 
But,  first  of  all,  it  must  be  observed,  that  the  old  wall,  wUdih* 
closed  both  this  and  the  temple  above  described,  is  bnOt  of  iMk 
monstrous  blocks  of  stone,  as  exceed  all  belief,  and  have  gNv 
birth  to  a  tradition  among  the  natives,  that  the  whole  is  the  voriE 
of  the  devil.  There  are  particularly  three,  which  lie  end  fur  oil 
with  each  other,  and  which  together  extend  one  hundred  e^|^ 
three  feet  in  length,  whereof  one  is  sixty-three  feet  long,'  and  Hi 
other  two  sixty  apiece.  Their  depth  is  twelve  feet,  and  Mr 
breadth  the  ume;  and,  what  adds^o  the  wonder,  these  stoMtm 
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L  lifted  twenty  feet  from  the  ground.  The  test  of  the  stones  orthii 
c  of  surprising  dimensions,  bat  none  quite  so  large  as  these. 
Going  through  the  lung  arched  walk,  which  we  have  already 
mentioned  as  leading  to  the  lemjik,  and  which  looks  like  a.  subter> 
nineous  passage,  adorned  with  many  l>u8ls,  which  for  want  of  light 
ctniiut  well  be  discerned,  the  first  object  which  strikes  ihe  dight  is  a 
spacious  hexBgonal  building  or  wall,  forming  a  kind  of  a  spacious 
tb«alre,  which  is  open  at  the  other  end,  and  presents  you  with  a 

I  «Brrac«,  (o  which  you  ascend  by  marble  steps.  This  aperture  ad. 
nits  you  into  a  square  court,  larger  than  the  tirsi,  round  which  are 
ignilicent  buildings.  On  each  hand  you  hate  a  double  row  of 
lillars,  which  form  porticoes  or  galleries  of  sixty-six  fathom  in 
Higtfa,  and  eight  in  breadth.  The  bottom  of  this  court  was  taken 
p  by  a  third  building,  more  fiumplaous  Ihan  the  rest,  and  deeper, 
which  seems  to  have  been  the  body  of  the  palace,  fronting  east,  ai 
all  the  fronts  in  this  castle  do.  The  columns  belonging  to  this  part 
are  of  such  size,  that  they  are  compared  with  those  of  the  hippo- 
drome at  Constantinople.  Nine  of  these  columns  are  standing,  and 
a  good  piece  of  the  entablature,  which  evince  it  to  have  been  one  of 
the  wonders  of  Asia  ;  and,  to  crown  all,  each  of  these  nine  pillars 
ii  but  one  block.  Many  considerat)1e  and  distinct  vesliges  of  the 
MWral  parts  of  this  palace  are  still  extant.  The  Corinthian  order 
preraili  chiefly  throughout  the  whole ;  and  scarce  are  anywhere 
to  be  found  such  precious  remains  of  architecture  and  sculpture. 
The  ornaments  are  various,  but  without  any  of  the  wild  eilrava. 
fancies  of  modern  architects.  The  fine  taste  of  Greece,  and  the 
magnificence  of  Rome,  here  meet;  statues  without  number,  busts 
oT  all  sorts,  proud  trophies,  curiously  wrought  niches,  walls  and 
cwliags  enriched  with  bas.reliefs,  incrustations,  and  other  works  of 
(he  finest  marble;  therms  and  caryatides,  judiciously  placed.  Uo* 
deroeath  the  whole  are  vast  vaults ;  where  from  time  to  time  you 
discover,  through  the  ruins,  long  flights  of  marble  stairs,  near  two 
hundred  in  a  flight.  The  turn  and  elevation  of  these  vaults  are 
bold  and  surprising :  and  in  these  subterraneous  parts  you  find  ' 
naoT  rooms,  halls,  rich  apartments  entire,  and  many  marble  tombs. 
The  walla  here  also  are  adorned  with  niches,  bas.reliefs,  and  in. 
(criplioos  in  Roman  characters;  but  these  inscriptions  are  quite 
eAced  by  the  length  of  time,  and  the  damps.  Some  of  these  vault 
are  quite  dark,  and  must  be  visited  with  lights,  either  because  of 
their  great  deptl^i  or  because  the  passages  which  may  have  given 
SK4 
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tfaev  light  are  ttopped  op  hj  rubUih ;  bot  others  ivceiTe  Kght  hj 
grtat  windows,  which  sla«d  on  tike  level  o€  the  grouodl  mboT« :  aid 
IssdjT,  all  these  edtfioes  aM  Imilt  with  itones  af  the  Pwnaon$  mt 
already  mentioaed,  without  any  visible  nuirtar,  oewieiit,  wr  biadbg 
whatsoever.  The  tenple  and  these  ra'ins  stand  in  the  sawie  incla. 
sure,  as  we  have  said,  and  may  challenge  any  wiOQuinevt  of  and. 
qutty  now  exant,  either  at  Athens  or  at  Rome,  or  even  in  Egypt 
All  over  and  aboot  the  town,  yon,  at  ei^y  step,  neet  with  same 
mtlaocholy  fragment  of  antiquity.  The  qnairy  from  wImqco  thiy 
had  the  stone  for  these  works  is  a  little  way  ovt  of  tho  toern.  it 
is  cut  oot  in  steps  aooielhing  like  an  amphitheatre,  where  lias  aas 
atone  ready  hewn,  which  seems  to  surpass  all  that  hwro  heeA  alnnd| 
desi-rtbed.  A  notion  prevailed,  that  it  was  too  heavy  to  be  moved; 
but,  upon  a  nice  examination,  it  was  found  fastened  to  the  indL 
Such  was  the  city  of  Balbeck,  and  from  its  surprisiag  gfaodanraa^ 
magnificence  we  amy  well  conclude  it  to  have  bees  oooa  theaknt 
considerable  place  in  Syria,  and  the  delight  of  tome  ougbty  piiact, 
who  there  chose  to  reside. 

[^iic.  Univ.  BiML 

:a  sscTioir  s* 
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Megniftcent  Ruins  of  Palmyra^ 

Thc  splendid  city  of  Palmyra,  aa  it  was  called  by  the  Grstki 
and  Romans;  by  the  scripture  writers,  Tadmor  In  tha  wiUtr* 
ness  ;  by  Josephns,  Pslmira  and  Thadamor ;  by  the  niplmi 
gint  copies,  Theodmor  and  Thedmor ;  and  by  the  Ai«l»  aad 
Syrians  at  this  day,  Tadmor,  1  admor,  and  i  atroor  ;  waa  ones  a 
noble  city  in  the  8outh-ea»tem  parts  af  Syria.  Theorigio  of  Ihmi 
names  is  dark  and  uncertain.  It  stood  on  a  fertile  islaod,  if  «• 
may  so  call  it,  surrounded  on  all  sides  by  a  thirsty  and  haifca 
desert.  The  first  object  that  now  occurs  aa  yon  approach  IJms  Imw 
lorn  place,  is  a  castle  of  mean  architecture,  and  nnoartaio 
tion,  though  formerly  by  situation  impvegnahle,  abool  half  ^a 
from  the  city.  This  castle  stands  on  the  aorth  side  of  tha  cityyaad 
from  thence  you  descry  Tadipor,  inclosed  on  three  aides  by  la^g 
ridge's  of  mountains  ;  bnt  to  the  sooth  is  a  vast  pkio,  which  atiotcki 
out  of  sight.  The  air  is  exceeding  goodi;  bnt  the  aoii  ia  hanMi 
affording  nothing  green  bat  a  few  palnutrees  im  the  fpiodans,  aad 
a  few  more  scattered  up  aad  down.  The  city  most  kna  beao«f 
large  extent  by  the  space  now  taken*np  by  the  ruins  i  but  tbers 


witk  pftwtfTT  \ 

be  judged,  mi  stxtf  u««  mm  m 
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thtirffj,  ih—i—rty  c^iacMu  TVt  rat  ud»  «f  ttts  coait,  bf 
wlick  JOS  cBCcr  k,  is  sMt  «f  it  brakes  d»«B  ;  mmd  towards  Om 
IsiddleoTittfeicare  wiiff—  oks  ca«4le,  bsOt  I19  tbe  Mm« 

1  Akiy  as  is  MfipoMd,  osi  of  put  of  tbe  raioi  vlttcii  are  beitr  is  Mcb 
abssdasrr  Thit  cartjp  Aruods  Uie  n  list  of  as  iscifst  fitbric 
oCcaqsauCo  bfosfj,  as  afipcsis  bj  wbai  b  sdli  ttindisg  of  its  cm. 
uasce,  beisg  tvo  stoocs  ol  tMftj..iTe  iect  is  W«gtk,  carved  wHb 
vises  asdclsfleffs  of  grapes^  €>zcoedisg  bold,  aad  to  tbeliliB.  Tbej 
sie  botk  is  tbrir  ri^  ptaon^aad  by  tkra  it  appean,  tbat  tbo  door 
or  g;ste  wa>  iftoes  feK  wide.  Is  tbis  gfeai  cosrt  are  tbe  itmiisi 
of  two  rows  of  verj  ooUe  Barbie  pillars  tkiit)r.sev«s  feet  bigb  witb 
capitals  of  tbe  fisoft  carred  work  ;  and  tbe  corsioes  Msst  bavo 
bees  of  eqaai  beastj,  tboo^  qaite  destroyed  faj  tke  rdeoticss  ss» 
pmtitios  of  tbe  Mobamaiedass.  Of  t^esc  pillan  ift7..e^t  are 
istire.  Tkey  siast  bave  bees  sasy  SMire  is  soisber;  for,  by 
what  appears,  tfaey  west  qoite  rossd  tbe  cosrt,  aad  sappoitod  a 
■lost  spadoss  doable  pbssa  or  doister.  The  walks  oa  the  west 
ddeof  tbispiasBa,  whica  face  tbe  frost  of  the  teaiple,  seeoi  to  have 
bcos  tbe  BM>st  spacioos  aad  stalrly  of  all ;  aad  at  each  esd  of  It  are 
two  siches  for  statues  at  their  fall  les^,  with  ihf  ir  pedestab,  bor* 
imn^  ssppc^rtifrs,  and  caoooies,  carved  with  the  gr«*atest  artiioe 
md  cariosity.  The  space  withio  this  oooe  beautifal  iodosare,  Is 
aosccived  to  have  beeo  an  open  coart,  as  we  have  already  called  it, 
Is  tbe  midst  of  which  stands  tbe  teoiple,  incompassed  wiih  another 
tow  of  pillars  of  a  different  order,  aad  far  exceeding  the  former  in 
dimessions,  being  fifty  feet  high.  Of  these,  siztocn  are  sow 
attsdi^g ;  bst  tbefc  most  bare  bcem  aboaidooblo  that  nssOier, 


506  MAOMIFICENT  RUINS  OP   PALMYEA. 

ivhich,  whether  they  formed  an  inner  court,  or  sapported  the  roof 
of  a  cloister,  is  uncertain.  One  great  stone  lies  on  the  ground 
which  seems  to  hare  reached  from  these  pillars  to  the  walls  of  tiie 
temple  ;  so  that  the  latter  conjecture  may  naturally  enough  take 
place.  The  whole  space  contained  within  these  pillars,  is  toe 
hundred  and  seyenty.sefen  feet  in  length,  and  in  breadth,  eigbtj. 
four.  In  the  midst  of  this  space  is  the  temple,  extending  ninety* 
nine  feet  in  length,  and  in  breadth,  about  forty.  It  has  a  sump, 
tuous  entrance  on  the  west,  exactly  in  the  middle  of  the  building, 
and^  by  what  remains,  it  seems  to  have  been  one  of  the  most  glo- 
rious edifices  in  the  world.  Yon  here  see  Tines  and  clusters  of 
grapes  executed  to  the  life ;  and  oTer  the  door  you  can  just  trace 
out  a  spread  eagle,  as  at  Balbeck,  which  takes  up  the  whole  width ; 
with  some  angels  or  Cupids  accompanying  it  on  the  same  stone, 
and  several  eagles  seen  upon  stones  that  are  fallen  down.  No* 
thing  of  this  temple  Is  standing  but  the  walls.  In  which  it  is  obser. 
▼able,  that  the  windows,  though  not  large,  are  narrower  at  top 
than  at  bottom,  but  mightily  enriched  with  sculpture.  It  has  bees 
aukwardly  patched  up  to  serre  for  a  mosque,  all  but  the  north  end, 
where  are  very  precious  reliques ;  which,  whether  they  were  in  the 
nature  of  canopies  over  altars,  or  to  what  use  else  they  served,  is 
not  easy  to  conjecture.  They  are  beautified  with  the  most  curioM 
fret  work  and  sculpture ;  In  the  midst  of  which  is  a  dome  or  cupola, 
six  feet  diameter,  all  of  one  piece ;  but  whether  they  are  hewn  out 
of  the  solid  rock,  or  molded  of  fine  cement  or  composition,  is  made 
a  doubt. 

When  you  leave  this  court  and  temple,  a  prodigious  nnmber  of 
marble  pillars  present  themselves  to  your  sight,  scattered  up  and 
down  for  the  space  of  near  a  mile  ;  but,  in  such  confusion^  that 
there  is  no  room  to  guess  for  what  end  they  were  framed. 

Advanci  jg  towards  the  north,  as  you  leave  the  temple,  yon  bare 
a  tall  and  stately  obelisk  or  pillar  before  you,  consisting  of  seven 
large  stones,  besides  its  capital.  It  is  wreathed  ;  and  the  sculpture 
here,  as  every.where  else,  extremely  fine.  It  Is  above  fifty  fei^  ia 
height,  twelve  ieei  and  an  half  in  compass  just  above  the  pedestal, 
and  a  statue  is  conceived  to  hare  once  stood  upon  it.  On  the  east 
and  west  of  this,  at  the  distance  of  a  quarter  of  a  mile^  Is  a  large 
pillar,  and  a  piece  of  another  near  to  the  eastern  pillar^  which  looks 
as  if  there  had  been  once  a  contlnned  row  of  them.  The  height  iA. 
'this  eastern  pillar,  as  taken  by  a  quadrant,  is  aboye  forty  |eet«    Its 
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circiiB>ler«ac«  h  impwtioMUe,  sad  on  tW  bodj  afitin  Grade 
iiurriptioD  in  cbm— owtiaw  of  two  patriots,  bf  ■«  order  of  tke 
(eiwtt  and  p«opl«,  wUck,  «itk  tW  othen  of  ih*  vow  aod  stWr 
Liods  «•  Bsj  bercaflcr  mttt  with,  wc  lUd  faM  oT*r  for  IW  pre. 
•FBI,  that  mt  Bay  not  b(*ak  io  opoa  tfe  ibvad  of  tkb  d«Mriplian 
Tbp  wpilrni  pillar  boa  awBthfTJMnriplioo  of  the  like  tori  ;|w(  ant 
quil«  so  pfTfrct  a*  the  falMii. 

ProcMding  od  frow  tlw  oWlhk  or  pUltr  last-Meoiiaoed,  it  Ae 
diMancF  of  ooc  hoodrcd  pKCCf  ia  ■  ■ogubceiil  tninoce,  wtly 
large  and  loftj,  and  for  «or]iBaiiulHp  aotbiog  iofrriorto  Ukj  piece 
fci(b«Tio  deacribed ;  bol  nolMfifdj  it  fcat  nfmd  the  taise  fate  widi 
llwniL  TUaeotraocekadaioloaMUepiaua,  aboTehalfaatle 
long^  and  forty  feel  broad,  taimii  by  too  row*  of  nateljr  anrUe 
piltara  twcotj-us  UH  iagjk,  aad  eight  or  mop  aboat.  Of  these 
pilUnooe  bDodred  and  tven^-mne  are  standing  ;  bat  bjr  a  Bkode* 
rate  calcalatioo  they  caiuMt  have  been  fewer  at  firti,  than  fire  bun. 
dred  and  uiy.  CoTeriag  over  them  there  ii  none  remaining,  nor 
pareiDcnl  braealh,  that  can  be  seen.  Upon  moti  of  Ihese  piliara 
are  inscriptions  iii  Greek  and  l^lmy r4>De  ehtncten  ;  so  that  thia 
■eemi  to  bate  been  a  much  freqaeofed  aud  tno*(  contpii:noas  part 
of  the  city,  and  iherefore  most  proper  for  the  daily  and  booooTable 
commemoration  of  such  aa  huJdeserred  «ell  uf  their  fellov^citizens^ 
or  friends  and  rclalJODi.  And,  as  if  inscripliooi  were  not  sufficient, 
it  teems  at  if  here  tfaey  pEaced  tbe  itatoe*  alto  of  celebrated  pertont ; 
tbeie  being  pede«uli  jetting  out  from  Ibete  pillan,  tometioies  one 
way,  oad  someiiiDes  more,  wht-reon  most  haie  ttood  itatnei,  which 
have  long  ago  fallen  Ticlinu  to  tbe  fnrioDS  and  barbarous  zeal  of 
the  Mohammedans  ;  and  upon  these  pedestals  are  incriptioot,  eten 
when  none  are  on  the  pillar  (hey  belong  to,  and  sornetimes  loo 
wbeu  there  are.  Tbe  uj'per  end  of  this  spacious  piazza  was  shot 
in  by  a  row  of  pillars,  slaaiiiog  closet  togeiber  tbaa  those  on  each 
tide  ■  and  perhnps  a  banqueting- room  stood  upon  them,  though  no 
sign  of  it  rematni.  But,  on  the  left  hand,  a  little  farther,  appear 
the  rninsof  a rery  stately  pile, which  may  hare  been  ofsucb a  kind; 
of  finer  marble  than  is  obserred  in  tbe  piazza,  and  with  an  air  of 
delicacy  throughoat  the  whole,  fir  sarpasting  what  U  obserred  in 
the  piazza  itself.  Tbe  pillars  which  topported  this  lait  pile  are  all 
of  one  stone,  twenty  two  feet  long,  and  eight  feet  nine  inches  round. 
Among  these  rains  it  found  tbe  mily  l^tln  intcriptioo  that  was  teen 
at  this  place. 
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In  the  west  side  of  the  above   piazza  are  serertl   openings,  sop. 
poled   lo  bare  been  for  gates,  whiclr  led  into  the  court  of  the 
paiaoe.     Two  of  these  gates  look  as  if  they  had  been  the  most 
magnificent  and  glorious  in  the  world,  both  for  the  elegance  of  the 
work  in  general,  and  for  the  stately  porphyry  pillars,  wherewith 
they  were  adorned.     Each  gate  had  four,  not  standing  in  a  line  with 
those  of  the  wall,  but  placed  by  couples  in  the  front  of  the  gate| 
facing  the  palace,  t^o  on  the  one  hand,and  two  o  n  the  other.    Of 
these  porphyry  pillars  there  are  bnt  two  iotiie,  and  but  one  stand- 
ing  in  its  proper  place.     They  are  about  thirty  feet  in  length,  and 
nine  in  circumference,  and  of  so  very  hard  a  consistenee*  that  it  is  a 
difficult  matter  to  injure  them.    These,  of  all  the  pieces  of  porphyrjr 
here  found,  are  the  most  beantifuL     The  palace  itself  is  00  com* 
pletely  demolished,  that  there  is  no  forming  a  judgment  of  what  it 
has  been,  either  for  majesty  or  ornament.     It  plainly  appears  to 
Imve  been  thrown  down  by  violence,  which,  together  with  the  length 
of  time,  has  quite  defaced  this  once  noble  pile,  there  being  only 
broken  pieces  of  its  walls  left  standing  here.and-there.     BvA  k  is 
Tery  likely,  that  it  fronted  the  famous  piazza  before*mentioned| 
and  that  it  was  surrounded  with  rows  of  pillars  of  different  orden, 
many  of  which  are  still  standing,  some  plain,  and  some  wroi^ 
and  chanelled,  as  those  immediately  encompassing  the  temple.    To 
these  pillars  also  there  are  pedestals  with  inscriptiooi. 

On  the  east  side  of  the  same  piazza  is,  if  the  ezpression  nay  bt 
allowed,  a  wood  of  marble  pillars,  some  perfect,  some  deprived  ef 
their  beautiful  capitals,  but  so  scattered  and  confused,  that  there  is 
no  reducing  them  to  order,  or  conjecturing  to  what  use  they  lor* 

merfy  served.     In  one  place  are  eleven  together,  forming  a  sqnart 

•  •  .  • 

in  this  disposition,  \       \  paved  with  broad  flat  stone,  but  without 

•  •  •  « 

any  manner  of  roof. 

At  a  little  distance  from  hence,  is  a  small  roioed  temple,  which 
by  what  remains  of  it,  appears  to  have  been  a  very  curious  edifice. 

The  entrance  into  this  temple  looks  to  the  south,  and  before  it 
is  a  piazza  of  six  pillars,  two  on  one  side  of  the  door,  and  two  on 
the  othler,  and  one  at  each  end.  The  pedestals  of  those  in  the  front 
have  been  filled  up  with  inscriptioos  in  Greek  and  other  characterS| 
but  scarce  intelligible. 

Bat  of  all  the  venerable  renmips  of  this  desolate  place,  none 
more  attract  the  admiration  of  the   carious,  than  their  costly  se. 


MAOmFICEMT  BUlKa  OP  PALU  YBA.  509 

jralclireSy  wkich  are  square  towersy  foar  or  fife  itories  btgh,  Uuaim 
iDg  00  each  side  of  a  hollow  way,  towards  the  north  eod  of  the  citjr« 
Thej  extend  a  mile,  and  may  anciently  have  extended  farther. 
At  a  distance  they  look  like  the  steeples  of  decayed  charches,  or 
the  bastions  of  a  ruined  fortification.  Many  of  them,  though 
built  of  marble,  ha?e  sunk  under  the  weight  6(  years^  or  submitted 
to  the  malice  of  Tiolent  hands.  They  are  all  of  one  form,  but  of 
different  size,  in  proportion  to  the  fortune  of  the  founder.  In  the 
ruins  of  one  of  them,  that  was  entirely  marble,  were  found  pieces 
of  two  statues,  the  one  of  a  man,  the  other  of  a  womaii,  io  a 
sitting,  or  rather  leaning  posture.  By  these  it  is  discorered,  that 
their  habit  was  very  noble,  rather  agreeing  with  the  Earopeao^  than 
tiie  present  eastern  fashions  ;  whence  they  are  conjectured  t9  hato 
been  Romans,  Of  all  these  sepalchres^  there  ara  two  which  settt 
to  be  more  intire  than  the  rest.  They  are  iqnara  towers^  fif« 
ttories  high,  their  outsides  of  eoamon  stone,  bol  their  pnrtkiooi 
and  ioors  within,  of  marble.  They  are  beantified  with  t try  liveljr 
carfings  and  paintings,  and  figures  both  of  men  and  woMeo,  m  §u 
aa  the  breast  and  shoulders,  but  miserably  defaced.  Under  ths% 
or  on  one  side^  are  Palmyreolan  characters^  which  are  lbiMi|ht  (o 
bo  the  names  of  the  persons  there  deposilod.  To  jodft  of  the  CO0» 
atmctionoftherestofthesesepolehreSfby  whai  ia  obserr ad  in  ofl» 
of  them;  they  had  a  walk  qnite  acroaafnMS  north  to  sooUp^  MHMlljr 
in  the  midiHe,  by  whkh  they  entered.    The  noli  below  wm  M* 

vided  in  the  saaM  manner,  and  the  dirisioo  on  each  hand  fobdMM 
by  thick  walla  into  tiz,  or  more  or  lesa»  parti  tioii%  each  Mig  ««w||i 
to  reeciTe  the  largest  corpse,  and  deep  eaoogb  to  contoiis  ai  im$i 
aix  or  sefen  one  upon  another.  In  the  loweit^  second^  nod  lMf4 
stories,  these  partitions  were  the  snase^  excrpthif  iimt  the  §t$um4 
had  a  partition,  answering  io  the  aaiaentmncey  far  fh«cowrMirf*i»^># 
of  a  stair.case.  Higher  np  this  method  was  diecotlliNMid  ^  heixsw 
ihabidytng,  growing  nnnowcr  towards  the  top,  amid  noloflitsr 
ndaskofit.  In  the  twm  appermoatmenmit  isUfc^lythotnohiadfiO 
wcredepoaitcdY  estept  that  of  the  fansder  Maseelf,  whoee  sial«e, 
wrapt  np  in  iuKni  apparai,  and  ha  n  lying  poslor*^  is  f/laMihl  • 
pick,  or  rather  window^  in  the  hmi  of  the  monnaienii  mmJMlm 
TisiUe  both  witlAs  and  withont.    HeM  la  a  Groefc  aftef^^ 

Snch  were  owte  the  asngniiaasf  aiiadM»  ao4  swah  Che  MMeiib 
palchreaof  the  Psimjiiniana     Wrmm  wluKt  W0  Imm  tM  0/ Mlh 
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city ;  a  city  not  more  renuirktble  for  its  stmteljr  boildings,  than  for 
the  eztraordiiuury  personages  who  once  flourished  in  it,  anwng 
whom  the  renowned  Zenobia,  and  the  incomparable  L4Higinas» 
most  forerer  be  remembered  with  admiration  and  regret. 

IfVood.  Phil.  Trans.  Ancient  Univ.  ISst: 

SECTION  XI. 

^emdid  Ruint  of  Pertepolit. 

As  we  hud  still  two  horns  of  dajJight  before  ns,  we  rode  te 
Persepolis,  and  took  a  cursory  riew  of  ther«ioi.  Our  first,  and 
indeed  lasting  impressions  were  astonishment  at  Urn  rauBcnsity, 
and  admiration  at  the  beauties  of  the  fabric*  Althongli  theva  wk 
nothing,  either  in  the  architecture  of  the  buildings,  or  in  the 
sculptures  and  relief  on  the  rocks,  which  could  bear  a  critiad 
comparison  with  the  delicate  proportions  and  perfect  statuary  of 
the  Greeks,  yet,  without  trying  Persepolls  by  a  staodaid  ta 
which  it  nerer  was  amenable,  we  yielded  at  once  to  emotions  tkt 
roost  li?«*ly  and  the  most  enraptured. 

At  the  distance  of  about  fire  miles  is  a  conspicnoua  hill,  oa 
the  top  of  which,  and  Tisil>le  to  the  eye  from  PersepoUs,  are  the 
remains  of  a  fortress.  This  hill  is  now  called  Istakhar,  and  is 
quite  distinct  from  Persepolb.  Persepolls  Itself  is  coaimonly 
styled  by  the  people  of  the  country  ^^  Takht  Jemsheed,"  or  tiie 
throne  of  Jemsheed :  it  is  also  called  <^  Chehel  Minar,"  or  tiie 
Forty  Pillars.  Le  Brun  has  giren  a  drawing  of  this  hill  of  Istak- 
har }  and  the  original  must  strike  eyery  traveller  the  moment  he 
enters  the  plain  of  Merdasht,  as  it  has  all  the  appearance  of  ban 
ing  been  much  fashioned  by  the  hand  of  man, 

Jan.  15th.  After  reading  prayers  to  our  society,  I  hastened 
to  the  ruins.  I  went  on  this  principle,  that  I  would  endeaTOur 
to  draw  and  ascertain  all  that  former  trarellers  had  omitted  ;  and 
for  that  purpose  I  took  Cardin  and  Le  Brun  in  my  hand,  that  I 
might  complete  all  that  I  found  wanting  in  their  views  and  notices. 
Finding,  howerer,  that  they  dUTered  from  each  other  (and  one  of 
<our8e  therefore  from  the  reality)  in  many  essential  points,  I 
thought  that  an  entire  description  of  the  ruins  in  their  present  state 
^ould  answer  my  purpose  better  than  a  partial  and  unconnected 
account,  referring  only  to  the  mistakes  or  omissions  of  others. 

The  most  striking  feature,  on  a  first  approach,  is  the  stair* 
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■aw  tnd  its  rarroamliag  walLi.  Tiro  gnad  flights,  wkidi  fic* 
«ach  other,  lead  to  Ute  ptiacipal  platforai.  To  tfae  risbt  b  an 
tmineii»e  wall  of  tke  fior^t  tnuoaiy,  and  of  tke  mo*!  manive 
•tone*:  to  the  left  are  otbcr  wall*  pqaallj  well  bailt,  but  not  ao 
imiMwiof.  On  arriring  •(  Lbe  SBminit  of  tbe  Uaircase,  fke  first 
obj^fis,  which  pmeni  (b«in»el*ts  directly  ^cing  th*  platform,  are 
four  TasI  portals  and  two  columns.  Two  portals  Ant,  then  the 
coluDDt,  and  thru  two  porUls  again.  On  the  front  of  each  are 
Tvpreseoted,  in  basao-rHievo,  ^ures  of  anin&b,  which,  for  want 
«f  B  better  name,  we  have  called  sphinsM.  The  two  sphinxet  on 
the  fint  portals  C»c«  ovtwardlf,  i.  e.  towards  the  plain  and  the 
front  of  the  boilding.  The  two  otben,  on  the  second  portal^, 
iwardlf ,  i.  e.  towards  the  moiinlain.  From  the  6rftl  (to  the 
it,  on  a  strat^  line]  at  the  distance  of  fiAjr.foor  paces,  i)  a 
'•iairetM  of  ikirtjr  alrps.  the  sides  of  wbJcb  are  ornamented  with 
baa-rdiefa,  sriginally  in  three  rows,  but  now  partly  redsmd  br 
ol  earth  beneath,  aod  bj  mutilation  abore.  This 
>  the  principal  compartment  of  the  whole  mios, 
wbicli  oujr  be  raited  a  small  plain,  ihicUjr  ttndded  with  columns, 
of  which  are  now  erect.  HaTing  crossed  this  plain,  on  an 
■■iutnco  are  namerons  stupendous  remaioa  of  frames,  both  of 
windows  and  doors,  fonned  bj  blocks  of  marble  of  sizes  most 
■agnificeni.  Thes«  frames  are  ranged  in  a  square,  and  indicate 
an  apartment  the  most  royal  that  can  be  conceiTed.  On  each  side 
of  the  frames  are  scolptared  Smarts,  and  the  marble  stitl  rrtaiiu  a 
polish  which,  in  its  original  slate,  mn^t  bare  lied  with  the  finest 
tnirrots.  On  each  comer  of  this  room  are  pedestals,  of  an  eleva- 
tion much  more  considerable  than  the  sarroonding  frames;  oo«  is 
fanned  of  a  single  block  of  marble.  Tbe  front  of  tbit  apartment 
■eems  to  hare  been  to  the  S.  W.  for  we  saw  few  marks  of  masonry 
OS  that  exposure,  and  obseired,  tha,t  the  base  of  that  side  of  it 
was  richly  sculptured  and  ornamented.  This  front  opens  upon  a 
•qoare  plalfom,  on  which  no  baildiKg  appears  to  hare  been  raised. 
Bat  oa  iW  aide  iqiposile  to  tke  roooi  which  1  bare  jost  nealioned, 
Oere  ii  tlw  nw«  appeatwsce  of  «  cAnr«tpoadhig  apartawnl, 
allktwgh  Dotfiing  but  the  faaaes  of  tonn  small  oolnmBi  and  the 
square  of  its  floor  attnt  it  to  hare  been  lucW  The  intcrtal  be- 
tween these  two  rooms  (on  those  angka  wUck  Mn  tbe  farthest  dsa. 
tMtt  b»ta  the  grand  fraM  of  the  b^dmg)  is  filled  ^  bj  thn  base 
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of  a  scalpture  similar  to  tbe  bases  of  the  two  rooma ;  cseepting 
that  the  centre  of  it  is  oceapied  bj  a  small  fliglit  of  steps.  Be. 
hiod,  and  contiguoas  to  these  roios,  are  the  remains  of  aoothet 
square  room^  sorrooaded  on  ail  its  sides  hj  ftranes  of  doors  and 
windows.  On  the  floor  are  the  baws  of  colamns  :  from  the  order 
in  which  they  appeared  to  me  to  have  stood,  thfey  formed  six  rows, 
each  of  tii  colomiis.  A  s'aircase  cut  into  an  imaiense  mass  of 
rock  (and  fW>m  its  small  dimensions,  probably  the  eicalitr  defbi 
of  the  pa'acc*)  leads  Into  the  lesser  and  enclosed  plain  below.  To- 
wards the  plain  are  also  three  smaller  rooms,  or  rather  oae  roam 
and  the  bases  of  two  riosets.  Erery  thing  om  tlw  part  of  the 
bail  ding  indicates  rooms  of  t^i  or  retirement* 

In  the  rear  of  the  whole  of  these  remains,  are  die  beds  of 
aquedncts  which  are  cot  Into  the  solid  rock.  They  met  as  m 
erery  part  of  the  building ;  and  are  probably  therefore  aa  eilaa« 
sive  in  their  course,  as  they  are  magnificent  in  conatmcdcMi.  TIs 
great  aqnedoct  is  to  be  discorered  among  a  confased  heap  of  sloacs, 
not  far  behind  the  buildings  (which  I  ha?«  been  describing)  on  tUi 
quarter  of  the  palace,  and  almost  adjoining  io  a  mined  staircise. 
We  descended  into  its  bed,  which  In  some  places  is  cwt  ten  M 
into  the  rock.  This  bed  leads  east  and  west ;  to  the  eastward  id 
descent  is  rapid  aboat  twenty.fire  paces ;  It  there  narrow*,  sothi^ 
we  cuold  only  crawl  through  it ;  and  agahi  It  enlarges,  so  thit  a 
man  of  common  height  may  stand  upright  in  it  It  termlaalis  fey 
an  abrupt  rock. 

Proceeding  from  this  towards  the  mountains,  (situated  la  lbs 
rear  of  the  great  hall  of  columns)  stand  the  remains  of  a  magaii- 
cent  room.  Here  are  still  left  walls,  frames,  and  porticoes,  ths 
sides  of  which  are  thickly  ornamented  with  bas-reliefs  of  a  Taristf 
of  compositions.  This  hall  is  a  perfect  square.  To  the  right  ef 
this,  and  further  to  tbe  southward  are  more  fragments,  the  waHs 
and  component  parts  apparently  of  another  roam.  To  the  left  af 
this,  and  therefore  to  the  northward  of  the  bailding,  aia  the 
remains  of  a  portal,  on  which  are  to  be  traced  the  features  oC  a 
sphinx.  Still  towards  the  north,  in  a  separate  colloctioo,  is  the 
ruin  of  a  column,  which,  from  the  fragmenta  aboat  It,  most  hate 
supported  a  sphinx.  In  a  recess  of  the  mountain  to  die  north. 
ward,  is  a  portico.  Almost  in  a  line  with  the  centre  of  tbe  fadi 
of  columns^  oa  the  sarikco  of  the  moitataia  ia  a  tomb.    To  the 


SPLBMDID  RUINS  OF  PBRSBPOLIS. 

wottwird  or  ihat  is  another,  in  lilte  manner  on  (lie  moantain'l 
■urfoce;  between  both  (and  jujt  on  tliat  point  wliere  Iht:  aiceat 
from  the  plain  commencesj  is  a  ri'!cr*oir  of  natcr. 

Tliese  constitute  the  sum  of  the  principal  ohjpcts  among  the 
miaiof  Persrputis,  some  of  whirh  I  will  now  endeavour  to  df. 
Kribe  in  more  detail.  The  grand  Ftaircase  consists  of  a  northern 
and  a  southern  ascent,  which  spring  Trnm  the  p'ain  at  the  disiiiice 
of  forty-six  Teet  froia  each  other.  Eni'h  ai!*iii  'u  divided  into  two 
flighti;  the  firsi,  term  Dated  by  a  magnificent  plaiform,  rontJtns 
fifty-four  steps  on  a  base  of  sixty-six  feet  m»  inrhes,  m-i'nred 
from  (he  6rst  step  to  a  perpendicular  dropt  from  tile  hi^hetl  rii  the 
landing  place  :  the  second,  to  the  extreme  summit  of  the  wlmle^ 
contlits  of  furty-ei^ht  steps  on  a  base  of  foriy-six  feet  eiEht  inches. 
Each  step  is  in  breadth  twenly-six  feet  bU  inches,  and  in  height 
three  inches  and  a  half.  i!o  easy  therefore  is  the  ascent,  that  (he 
people  of  the  country  always  mount  it  on  horseback.  Tlie  plat- 
form, where  the  two  grand  ditisions  meet,  is  thirly-four  feet  from 
tb«  ground,  and  in  length  seventy.  From  (he  front  of  this  plai> 
form  to  the  portals  behind  it  h  likewise  seventy  feet. 

The  portals  are  composed  of  immense  obtong  blocks  of 
marble :  their  lent;lh  is  twenty-four  feet  six  inches,  breaih  live  fret, 
aod  distance  from  one  another  thirteen  feel.  The  two  lirstare 
faced  by  «pinxes  ;  the  remaining  parts  of  whose  bodies  are  delink. 
al«d  in  a  basso.rellero  on  the  interior  surface  of  the  piirlal-  In 
pas&ing  through  these,  the  neit  objects  before  the  more  distant 
portals  are  two  columns,  btt  (as  there  is  a  sufficient  spare  for  two 
others,  and  as  the  nymmetr>  would  be  rtefective  without  such  nti 
arrangement)  I  presume  that  the  original  slnirture  was  omplfteil 
by  four  columns.  The  second  porlals  corres^nd  n  size  with  the 
former,  but  differ  from  (hem  not  only  in  preienliu^  their  Fronti 
towards  the  mountain,  bat  in  the  subject  of  ihe  sculpture's  with 
which  they  are  adorned.  The  animals  on  the  two  Cr«l  porials  ars 
elevated  on  a  base.  Prom  the  contonr  of  Ihe  roiililBtion,  the 
heads  appear  to  have  been  similar  to  those  of  horse*,  nn^l  thiir  fret 
have  hoofs  ;  on  their  legs  and  haunches  the  veins  and  muictet  are 
ilroo^ly  marked.  Their  necks,  chests,  shoulder),  and  backs,  ate 
entrusuted  with  ornaments  of  roses  and  bead*. 

The  sphiokfs  on  the  second  porfnis  appear  In  hivv  had  hiimNti 
heads,  witi)  trowned  ornaments,  under  which  are  collrrled  mat. 
live  curls,  and  other  decorations  of  a  bead.dress,  which  igcnii  to 
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IwTe  been  a  ftfoorite  fashion  among  Uie  ancient  Persians, 
wings  are  worked  with  great  art  and  labour,  and  extend  from  their 
sbonlders  to  the  very  summit  of  the  wall.  The  intention  of  die 
sculptor  is  evidently)  that  these  figures  (emblematical  perhaps  of 
power  and  strength)  should  appear  to  bear  on  their  backs  the  misi 
of  the  porticO)  including  not  only  the  block  immediafely  abofe 
each,  but  the  cofering  also,  which,  though  now  lost,  certainly  ■ 
the  original  state  of  the  palace,  connected  the  two  sides  and  nofed 
the  entrance.  In  these,  as  in  the  first  portals,  the  faces  af  tfcs 
animals  form  the  fronts,  and  the  bulk  of  their  bodies,  (called  tetk 
to  a  certain  extent  by  the  basso-relievo  on  the  sides)  ia  tmpgmti 
to  constitute  the  substance  of  the  walls. 

Under  the  staircase  of  the  first  sphinx  on  the  ^^t,  sr 
carved,  scratched,  and  painted  the  names  of  many  traTellofs ;  sad 
amongst  others  we  discovered  those  of  Le  Brun,  Manddaloe,  sad 
Miebuhr.  Niebuhr's  name  is  written  in  red  chalky  aod  seemi  Is 
have  been  done  but  yesterday. 

A  square  reservoir  of  water,  broken  in  many  plnoes^  yit 
still  appesring  to  have  been  of  one  single  block,  waa  In  tbe  spsei 
between  the  portals  and  the  staircase  which  led  to  tiie  grand  Ul 
of  columns.  The  breadth  of  that  staircase  is  fifteen  feet  imr 
iochei.  It  has  two  corresponding  flights,  the  front  of  whidi 
though  now  much  mutilated,  was  originally  highly  carved  and  eiw 
namented  with  figures  in  bass.reUef.  The  stones  which  snpport 
the  terrace  of  the  columns  are  all  carved  in  the  same  s^la,  sal 
arc  as  perfect  as  when  Le  Brun  made  his  drawings.  On  mmpsiii 
ing,  indeed,  bis  designs  with  the  originals,  I  found  that  he  had  fma 
to  some  of  tbe  figures  a  mutilation  which  does  not  exist ;  fbr  I  ^ 
covered  en  a  close  inspection  many  interesting  details  of  dien^ 
posture,  and  character,  which  are  omitted  ia  hia  plates.  On 
great  defect  pervades  this  part  of  his  collection ;  in  order  to 
date  by  the  human  form  the  comparative  dimensions  of  tke 
iDgs,  he  has  introduced  figures  so  small,  that,  measured  by  Ikn 
as  a  standard,  the  actual  size  of  the  objects  represented  wonM  \$ 
three  times  their  real  magnitude.  In  fiict,  a  man  who  stands  ciMi 
to  the  sculptured  wall  touches  the  summit  with  his  rhin^  thim^ 
the  figures  in  the  drawings  of  Le  Brun  would  not  reach  half  wi|i> 

Immediately  on  ascending  this  staircase,  stands  a  sii^lPl 
colunni,  but  on  closer  observation  1  counted  the  bases  (or  spots  d 
least  where  once  bases  were)  of  eleven  more  columns  of  two  sowif 
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fbrming}  with  tW  int, 
f  roan  the  grett 
prolMibly  agnad 

Vumimg 
lirgeblo^s«r 
fpood  with  the 

HmekitlleencieK 

«r  otter  ookMsil  §1^1 

Oe  fMl  pfan  ud  tke  OTiguel  miher  of 

kdl,  IcMmmim^btUBmwmgemmdmmmmz  1 

pfane,  ttit  there  weie  tw#  enSefS  eT 

capitels  as  well  as  ia  tWir  keigk,  wmi  that,  ef  the  Mgheit,  tw» 

lows  weie  sefcraBj  placed  at  the  £.  aai  W.  cstieaidcs  of  tte 


tibese  aai  the  anji  of  reffoairit  of 

is  the  flpott  eo  eitler  u4e  mi  mm  row,  io  which, 
howeter,  00  trace  whatever  oC  hascs  exiili,  ami  Ihroajjh  whidi 

aiila  of  six  cohnns  ia  frai^  aad  caaipOBca  with  the  fsor  exterior 
fowsafiaeof  tea  f  olaMai ;  each  row  caatasai  as  drpCh  six  hasca, 
fanaiiigi  witt  &e  twetre  ai  the  tatiaau,  a  fnni  Mat  of  feveatj • 
two.  Oa  drawiag  oat  a  plaa  of  dbii  arraa^eacsil,  1  iad  that  it  ii 
i/aiMitiiiil  ia  aD  its  peiats,  aad  ia  ererj  W9f  ia  which  I  cm 
¥iew  k  tatisifs  mtj  iaMgiaatioa;  hot,  00  tmmyjulmg  U  with  that 
kid  dowa  hj  Niehahr,  ssj  owa  coaceptioos  hare  accorded  so 
oxactij  with  those  of  diat  great  trareSer  oa  this,  (as  weD  as  oa  the 
IdMosraph J  of  tte  geaeral  iiaiiiai)  that  the  iatrodadSoa  of  wtf 


Od  oae  of  Oe  highest  1  nlMBMi  is  the  rea»aM  of  tte  sphiax, 

^  80  eoarasoa  ia  all  the  oraasseats  at  Persqiolis ;  oad  I  coald  Atl a« 

psbh  oa  the  laaiBiit  of  ererj  oae  a  sossethiag  qaite  aacoaaected 

^~  wUh  the  capitals.    The  high  rnlassai  hare,  strictly  speahlag,  ao 

-    tip^^  whatever,  heiag  each  a  loag  shaft  to  the  rtry  soanait,  oa 

"     which  the  sphiax  rests.    The  capitals  of  the  lesser  colaoms  ars  of 

*    a  ooaspBfatfd  order,  coMpoaid  of  waamy  pieces.     I  anrhed  three 

Ustiact  species  of  base.    The  shafis  are  fated  ia  the  Dork  man* 

lery  hat  the  fates  are  aMwe  dasri j  ftted  together.    Their  dranu 

hreace  Ss  sixteea  leet  serea  iachts.     Sose  of  their  hases  hare  a 

tfaaropfiaa,  the  side  of  oae  of  which  I  oKasarod,  aad  Isaadit 

le  be  serea  fect^  the  dhaMler  ef  tte  base  was  fro  UH  fear 
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inches,  diameter  of  columns  four  feet  two  iocbes^  distance  fnrai 
centre  of  base  to  the  next  centre  twenty- eight  feet.  To  the  easL 
ward  of  one  of  these,  and  close  at  the  foot  of  one  of  the  highest 
columns,  are  the  fragments  of  an  immense  figure.  The  bead  and 
part  of  the  fore- legs  I  could  easily  trace ;  the  head  appeared  to  me 
more  like  that  of  a  Hon  than  of  any  other  animal,  and  the  legs 
confirmed  this  supposition  ;  as  it  has  claws  so  placed,  as  to  indi« 
cate  that  the  posture  of  the  figure  was  couchant. 

The  grand  collection  of  porticoes,  walls,  and  other  conpo- 
Deut  parts  of  a  magnificent  hall,  are  situated  behind  the  cohiam, 
at  the  distance  perhaps  of  fifty  paces,  and  are  arranged  in  a 
square. 

On  the  interior  sides  of  the  porticoes  or  door  frames,  an 
many  sculptured  figures,  which  haye  been  drawn  with  accuracy  bf 
L#  Brun.  They  represent  the  state  and  magnificence  of  a  kiig 
seated  ia  a  high  chair  with  his  feet  resting  on  a  footstooL 

To  the  north  of  these  remains  is  the  frame  of  what  was  oact 
a  portico,  and  where  the  outlines  of  a  sphinx  are  to  be  triad 
among  the  rude  and  stupendous  masses  of  stone.  Further  aa^ 
nearly  on  the  same  line  and  bearing,  b  the  head  of  a  horsei  put 
of  which  is  buried  in  the  ground.  It  is  ornamented  like  the 
remains  of  that  which  we  call  the  sphinx  on  the  great  portals,  wd 
is  certainly  the  horse's  head,  which  Le  Brun  drew,  declaring  tkt 
he  could  not  discorer  the  part  to  which  it  had  belonged.  Cloiett 
it,  howeYer,  are  the  remains  of  an  immense  column,  eight  feet  ii 
diameter ;  the  diflferent  parts  of  the  shaft  hare  fallen  in  a  dhcct 
line  with  this  head,  and  obriously  formed  with  it  one  oMueclrf 
piece  in  the  original  structure,  in  which  probably  the  fragnwDtfli 
the  ground  surmounted  the  capital,  as  the  sphinx  still  crowns  sow 
of  the  remaining  columns. 

In  the  time  of  Mandelsloe,  (who  visited  Persepolis,  S7t 
January,  1(S38)  the  number  of  columns  erect  was  nineteen:  bi 
letter  indeed  to  Olearius,  (written  from  Madagascar  oil  the  Itt 
of  July,  1630,  and  published  by  his  correspondent}  he  atatet^M 
thirty  remaiaed ;  but,  as  he  does  not  specify  their  poiitioB,  b 
might  hare  included  those  lying  on  the  ground,  and  at  any  lalsle 
was  writing  a  private  letter,  from  memory,  in  a  distant  oovti^ 
at  the  interval  of  a  year  and  a  half.  His  own  authority  theiefM^ 
in  his  book  is  a  better  evidence  of  the  hct ;  and  as  he  Sliese 
another  and  much  more  cnrlons  circnmstance  wbidi  he  had 


L*ai  tncM  lttt*a*d  thetc  cf  ^m 

by  ■  Uai^  iMrtfe,  ud  B  itt  X.  E.  ^^  ^  «^  »  nowd 

^  Msl>*r  Una  ihe  rat.     U  tto  hmb  aa^  k  ■  di^arf  cat,  ai  if 


K.lOV.twa 


HjHmctiiiBg  liad  bf«a  idad  iaCa  it.     laaaklhaiiA 
^feat  of  the  rockjof  KriuMBi  iliii,  K.lOV.i 

30  W.  two  milef  ;  road  la  lipahaaj  S.aoE. 

I  wu  ckUed  fron  lU>  ipot  bj  a  ektOtt  Mat  by  tta  "VT  ■• 

conduct  me  to  tome  tcalplara.  wbicfc  W  bad  hiitlf  mmi,  (aboat 

wr  miles  from  tbe  pUce  on  tbe  mmt  mmmatam  tt  Petaepeb,}  bjr 

e  side  of  the  road  to  Itpahui.     1  (wad  tboa  iadeed  wartbj  rf 

e  minntest  invrstij^ljon,  u  no  picocAag  IrtfaBcr  bM  dcactibcd 

s  with  an)-  sufficient  accnncf .     Tbe^  a»  sitaUed  ia  a  lariai 

f  tbe  moDntaiD,  formed  bjr   prqjecttog  and  pictureiqiic  rocki. 

j^be  sculpture  facing  the  road  is  compoted  of  seven  colotsal  ^aiai 

il  two  small  ones.     The  two  principal  characten  are  placed  in 

e  centre  :  the  one  to  the  left  \%  the  lame  (oot  in  position  iadeed, 

n  general  circumstance)  as  that  which  we  had  so  often  seen 

iprcsented  at  Shapour  and  iN'okEhi  Ru^tam.     He  has  the  dislio. 

goisbing  glohe  on  his  head,  and  oSun  a  ring  lo  the  opposite  figure  ; 

whoj  seizing  it  with  his  right  hand,  holds  a  staff  or  club  ia  his 

^^||^^|Bliiud  the  personage  with  the  globe,  are  two  figures,  one 

^^^^K  31.3 
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of  whom,  with  a  young  and  pleasing  face  hoMf  tlie  Chi,  the  cis« 
tomaiy  ensign  of  dignit j :  and  the  other,  with  hard  and  marked 
features,  and  a  beard,  rests  on  the  pommel  of  his  sword  wt&  one 
hand,  and  beckons  with  the  other*  Behind  the  chief  on  the  right, 
are  two  figures,  which  from  the  feminine  cast  of  their  coante* 
nances  appear  to  be  women ;  one  wears  an  extraordinary  cap,  aad 
the  other,  whose  hair  falls  in  ringlets  on  her  shoalderSy  makes  aa 
expressife  motion  with  her  ri<ht  hand,  as  if  she  were  saying^  ^  Be 
silent,'  Between  the  two  principal  figures  are  introduced  two  teiy 
diminished  beings,  who  do  not  reach  higher  than  the  knees  of  thtir 
colossal  companions*  In  dress  they  difier  matertHry  fiom  esck 
other,  and  one  holds  a  long  staff.  To  the  left,  on  a  fragment  tf 
the  rock,  is  the  bust  of  a  figure,  who  also  holds  his  handiat 
beconing  and  significant  posture.  The  largest  of  these  figures  I 
reckoned  to  be  ten  feet  in  height ;  the  small  ones  two  feet  eigbt 
inches.  The  whole  of  this  is  so  much  disfigured,  that  it  is  dii&cilt 
to  ascertain  its  rarious  and  singular  details. 

In  the  same  recess,  and  to  the  lef^  of  this  sculptured  rock, 
forming  an  angle  with  it,  is  another  monument  in  a  mnch  hi^htt 
state  of  preserration  ;  parts  of  it  indeed  have  suffered  so  Iittl«, 
that  they  appear  to  be  fre<ih  at  this  day  from  the  chisef.     The  sane 
royal  personago  so  often  represented  with  a  globe  on  his  bead,  aid 
seated  on  horseback,  here  forms  the  principal  character  of  tki 
groupe.     His  face,  indeed,  haft  been  completely  destroyed  bjtli 
Mahomedans,  but  the  omameBts  of  his  person  and  those  ef  Hi 
horse,  (more  profusely  bestowed  on  both,  than  on  any  of  tli 
similar  figures  which  we  had  seen)  are  likewise  more  accnntdy 
preserved.     They  merit  a  ptrtic.nlar  description ;  becaose  as  Ihs 
composition  was  probably  designed  to  represent  the  king  in  Us 
greatest  state,  every  part  of  his  dress  is  distinctly  delineated.   I 
assign  this  subject  to  the  sculpture,  because  no  other  personage  if 
rival  dignity  appears  in  the  piece ;  and  because  the  attitude  ef  tie 
chief  announces  parade  and  command ;  for  he  presents  a  foU  fm 
to  the  spectator,  and  his  right  hand,  though  now  much  mntilafsdi 
still  rests  on  his  side  to  indicate  his  ease  and  bis  IndependeMSi 
Nine  figures,  of  which  the  first  is  nine  feet  high,  wait  behiad  Wmi 
and,  from  the  marks  of  respect  in  which  they  stand,  can  It 
attendants  only  on  bis  grandeur.    On  each  side  of  his  bead  swcHi 
an  Immense  drcnmference  of  carls ;  he  wears  an  embossed  neck> 
laoty  wUch  fidb  low  on  Us  breast^  and  is  theraforei  p«rhip% 
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rather  the  upper  tenniaation  of  bis  garment ;  bat  its  counterpart, 
BR  ornament  of  the  same  description  round  the  waist,  is  certainly 
a  giriile.  His  cloak  is  fastened  on  his  left  breast  by  two  massire 
clasps.  A  rich  belt  is  carried  from  his  right  shoulder  to  his  left 
faip,  across  an  under  garment,  which,  from  tlie  extreme  delicacy 
of  its  folds,  appears  to  be  formed  of  a  very  fine  cluth  or  muslin. 
The  drapery  of  some  loose  trowsers,  which  cover  his  legs  down  to 
the  »ery  ancles,  displays  equal  delicacy,  and  is  probably,  there. 
fore,  of  the  same  texture.  From  the  ancles  a  Borr  of  bandage 
extends  itself  in  flowing  folds,  and  adds  a  rich  finish  to  the  nhole. 
On  the  thigh  there  appears  fo  hang  a  dagger.  Tlie  horse  is  s^ilen- 
dtdly  accoutred  with  chains  of  a  circular  ornament :  his  length, 
fnran  the  breast  to  the  tail,  is  seven  feet  two  inches ;  and  en  the 
chest  is  a  Greek  iascription,  of  which  the  letters  are  about  an  inch 
ia  heisht,  and  correspond  ia  fanu  with  those  sf  the  latter  empire. 
[Morin-. 

SECTION  Xlt. 

Ruini  and  present  Appearance  of  Jerusalem. 
At  thrte  P.  M.  we  again  mounted  our  horses,  and  proceeded 
on  our  route.  No  sensation  of  fatigue  or  heat  could  counter, 
balance  the  eagerness  and  seal  which  animated  all  our  party,  in 
the  approach  to  Jerusalem;  every  individual  pressed  forward, 
hoping  first  to  announce  the  joyful  inlelligPiicB  of  its  appearance. 
We  passed  some  JnEignlJicant  ruins,  either  of  anHent  buildiiiijs  ar 
of  modern  villages  ;  but  had  they  been  of  more  importance,  they 
would  have  excited  little  notice  at  ihe  time,  su  earnestly  hetit  was 
e«ry  mind  towards  the  main  ohjrct  of  interest  and  curiosity.  At 
l«n^h,  after  about  two  hours  had  been  passed  in  this  slate  of 
anxiety  and  suspense,  ascending  a  hill  towards  ttic  south — <  Hagro< 
polia  !'  exclaimed  a  Greek  in  the  vau  of  our  caialtBde  ;  anJ 
•(antif  throwing  himself  from  his  horse,  was  sten  bjre. hooded, 
upon  his  knees,  facing  the  prospect  he  Eurveyed.  Sudiknly  ihi 
sight  burtt  upon  us  all.  Who  iliall  describe  it  ?  The  effccl 
dnced  was  that  of  total  silence  throughout  the  whole  cumjiany. 
Many  of  the  party,  by  an  immediate  impulse,  look  off  (heir  hats, 
M  if  entering  a  church,  wilhont  being  sensible  of  so  doinj;.  The 
Greeks  and  Catholics  shed  torrents  of  tears ;  and  presently  begin. 
nbg  to  cross  themsehes,  with  unfeigned  devotion,  asked  if  Ihey 
3l4 
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nl^ht  he  permitted  to  take  off  tbe  ooverng  liroai  tiieir  feet,  aid 
proceed,  barefooted,  to  the  Holj  Sepoldire.  We  bad  not  bcea 
prepared  for  the  grandear  of  the  tpectade  which  tiie  city  aioae 
exhibited.  Instead  of  a  wretched  and  mined  town,  hj  loaie 
described  as  the  desolated  remnant  of  Jenualem,  we  beheld,  as 
it  were,  a  flourishing  and  stately  metropolis ;  pfesenting  a  magoL 
ficent  assemblage  of  domes,  towers,  palaces,  churches,  %nd  monas. 
teries;  all  of  which,  glittering  in  the  sun's  rays,  shone  witk 
incoDceivable  splendour.  As  we  drew  nearer,  oar  whole  atten- 
tion was  engrossed  by  its  noble  and  interesting  appearance.  Ths 
lofty  hills  whereby  it  is  surrounded  give  to  the  city  Itself  aa 
appearance  of  elevation  inferior  to  that  which  it  renily  pnssessis. 
About  three  quarters  of  an  hour  before  we  reached  the  walls,  ws 
passed  a  large  ruin  upon  our  right  hand,  close  to  the  rond«  TUi, 
by  the  reticulated  style  of  masonry  upon  its  wmlli,  as  weO  as  by 
the  remains  of  its  iraulted  foundations  of  brick-work,  eridendy 
denoted  a  Roman  building.  We  could  not  obtain  any  account  of 
it ;  neither  is  it  mentioned  by  the  authors  who  haye  described  tke 
antiquities  of  the  country. 

At  this  place,  two  Turkish  officers,  mounted  on  beaatiliil  horsa 
sumptuously  caparisoned,  came  to  Inform  os,  that  the  gOTtnor, 
hafing  intelligence  of  our  approach,  had  sent  them  to  escort  st 
into  the  town.  When  they  arrired,  we  were  all  aasemMed  jsgm 
an  eminence,  admiring  the  splendid  appearance  of  the  dtj ;  aad 
being  impressed  with  other  ideas  than  those  of  a  Tale  ottentatiaa, 
would  gladly  have  declined  the  parade,  together  with  the  intemqu 
tion  caused  by  a  public  entry.  This  was,  howerer,  said  to  bs 
nnaf  oidable ;  it  was  described  as  a  necessary  omrk  of  respect  das 
to  Gjeszar  Pacha,  under  whose  protection  we  travelled:  as  wcD 
as  of  consequence  to  our  future  safety.  We  therefore  confnsd 
ourselves  to  all  the  etiquette  of  our  Mahometan  maaten  of  coa- 
mony,  and  were  marshalled  accordingly.  Our  attendants  weit 
ordered  to  fall  back  In  the  rear ;  and  it  was  evident,  bj  the  man. 
ner  of  placing  us,  that  we  were  expected  to  form  a  proceasioa  to 
the  governor's  house,  and  to  appear  as  dependants,  avrelling  ths 
train  of  our  Moslem  conductors.  Our  British  tars,  not  rellshfa^ 
this,  would  now  and  then  prance  towards  the  post  of  honour,  and 
were  with  difficulty  restrained  from  taking  the  lead.  As  we  ap- 
proached the  city,  the  concourse  of  people  became  Tory  great,  ths 
walls  and  the  road  side  being  covered  with  spectators.   An  InuneBSs 


uidcfc* 

PkeetoCtiM 

cited,  ^  WIS  nbfect  fes 

fabject  Bore  cmmfiieU^j  i  ifciaiti  J  "  M^ 
liighert  CQosdentioa,  uder  wkoae  aatkority 
dmtj  laTe  writleo  for  ks  ittutnlioB :  and  imm  oC  t^  ablcit 
nodeni  geographers,  qaUdng  bmmo  ezteashre  tavcstigstioBs,  lafe 
^{iplMd  all  their  iogenaity,  talents,  and  infbraatioQ,  to  the  topo. 
Craphy  of  Jemsalen.    It  would  theielbie  seem  like 
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rity,  to  dispute  the  identitj  of  places  whose  sitomtion  has  been  so 
ably  discussed  and  so  generallj  admitted,  were  there  not  this 
obserTation  to  urge,  that  the  descriptions  of  Jemsalem  since  the 
Crusades  haye  principallj  issued  from  men  who  had  no  ocular  e? i« 
dence  concerning  the  places  thejr  describe.     Like  Therenot,  writ, 
lug  an  account  4>f  scenes  in   Asia  without  e^er  having  quitted 
Europe,  they  have  proved  the  possibiliy  of  giving  to  a  fiction  an 
air  of  so  much  reality,  that  it  has  been  cited,  even  by  historians, 
as  authority.     If,  as  spectators  upon  the  spot,  we  confessed  our« 
selves  dissatisfied  with  the  supposed  identity  of  certain  points  of 
observation  in  Jerusalem,  it  is  because  we  refused  to  traditioa 
alone,  what  appeared  contradictory  to  the  evidence  of  our  senses. 
Of  this  it  will  be  proper  to  expiate  more  fully  in  the  sequel.    It  is 
now  only  necessary  to  admonish  the  reader,  that  he  will  not  find 
in  these  pages  a  renewal  of  the  statements  made  by  Sandys,  aad 
Maundrell,  and  Pococke,  with  the  host  of  Greek  and  Latin  piU 
grims  from  the  age  of  Phocas  down  to  Breidenbach  and  Qnares* 
mius.     We  should  no  more  think  of  enumerating  all  the  absurdi- 
ties to  which  the  Franciscan  friars  direct  the  attention  of  travellersi 
than  of  copying,  like  anoiher  Cotovic,  the  whole  of  the  hjrflns 
sung  by  the  pilgrims  at  every  station.     Possessing  as  mnch  en^a* 
siasm  as  might  be  necessary  in  travellers  viewing  thia  hallowed 
city,  wo  still  retain  the  power  of  our  understandings  sufficiently  to 
admire  the  credulity  for  which  no  degree  of  preposterousness 
seemed  too  mighty ;   which  converted  even  the  parables  of  ea? 
Saviour  into  existing  realities;  exhibiting,  as  holy  reliqiief|  tit 
house  of  Dives,  and  the  dwelling.place  of  the  good  SamarltaB. 
There  is  much  to  be  seen  at  Jerusalem,  independently  of  its  nonks 
and  monasteries ;  mnch  to  repay  pilgrims  of  a  very  diffsreot  de- 
scription from  those  who  osually  resort  thither,  for  all  the  frtigie 
and  danger  they  must  encounter.     At  the  same  timo,  to  am 
Interested  in  tracing,  within  the  walls,  antiquities  referred  to  by 
the  documents  of  Sacred  History,  no  spectacle  can  be  more  mor- 
tifying than  the  city  in  its  present  state.    The  mistaken  piety  of 
the  early  Christians,  in  attevptiDg  to  preservej  either  confused  or 
annihilated  the  memorials  it  endeavoured  to  perpetuate.    On  view- 
ing the  havoc  they  have  made,  it  may  now  be  regretted  HmU  the 
Holy  Land  wu  ever  rescued  from  the  domlnicm  of  SaraoeaSy  iv 
less  barbarous  than  their  conquerors.    The  abaurdity  of  ktwing 
the  rocka  of  JadM,  whether  «f  MotBl  Cririry  or  way  oOcr 
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momit,  into  folded  chapels,  mod  of  dasgamng  £bt  Ibee  «f  oitiiiv 

with  painted  donei  aod  aarble  co^erbigs,  bf  iraj  of 

imUag  the  toeaet  of  omr  Savkmr^s  liie  and  deaA,  is  la 

so  Umentahle,  diat  e?«i  Sandjs,  with  all  hs  cndaiitf ,  coidd 

avoid  a  happy  application  of  the  reproof  directed  bf  the  Baan 

tirist  against  a  similar  Yioladoa  al  the  E^eriaa  Fonataim. 

We  weiY  condncted  to  the  hoose  of  tte  forenoc,  who 
cetved  us  in  wery  great  stale;  offeiing  his  proftecQoa, 
log  the  ordinarj  ponp  of  Tnriuih  hoqiilalitj,  and  in  the 
alares  richly  dressed,  who  Invnght  fmntag  tneeoae,  eofie, 
aerred  fnut,  aad  pipes,  to  all  Ae  party,  pmfnselj  spriaUtog  «s^  li 
Vfoal,  with  rose  and  orange^ower  water.  Being  ften  infafiii 
of  all  oar  projects,  he  ordered  his  inteifiiotor  lo  fa  with  ns  ia  the 
Frnnctican  CoBTefit  of  St.  Sahrador,  a  lar^e  bwUBag  fike  a 
the  gates  of  whi^  were  thrown  open  to  reoeine  mm 
cade.  Here,  when  we  were  adaiitti^  inlo  a  osmrt,  with  nl 
hortea  and  camels,  ike  vast  portab  were  nfaoi  dosed,  and  a  fmrtf 
of  the  most  corpulent  friars  we  had  erer  aeen  liwai  the  wnrniait 
doistars  of  Spain  and  of  Italy,  waddled  ronad  as,  and  haaillly 
wdcovaed  oar  arriraL 

From  the  court  of  the  Convent  we  were  nest  rondnrttid^  hy  a 
•tone  staircase,  to  the  refectory,  where  Um*  mimlrs  whohad  tootlted 

nt  Introduced  us  to  the  saperior.  not  a  ast  km  oarpnV  «t  ttan  any  of 
hb  ooa^wnionf.  la  a3l  «hp  convents  I  had  ever  visitad  (and  lliiai 
are  not  few  in  aumber)  I  had  n^-ver  bel^'ld  sech  friars  at  the  Fnm^ 
dscans  of  St  Salvador.  The  figur«f§  souit* «tflm«  htou^  upon  the 
stage,  to  borieaque  the  asonasterfal  chzneler^  may  eonvey  soma 
notion  of  tb«ir  appearance.  The  inflafvoe  oliidi  a  peculiar  atoda 
of  life  has  opon  the  constitution,  ir.  this  diflttii^,  might  be  run  dig  is  i 
evident  by  cootrastifl!!  aot  of  these  joDy  fcilous  uflh  the  Vt^ptu 
gaada  Mbsionaries.  The  latter  are  as  as<Agre  asid  as  pale,  as  Iho 
former  are  corpab^nt  aad  ruddy.  The  life  of  the  miaiJoasiljJii  li 
Bccessarily  a  state  of  constant  activity  asid  of  pri^Mom*  Tha 
guardians  of  the  Holy  Sepnkiirey  or,  according  to  <"  -  raex  they 
bear,  the  Terra-Santa  friars,  are  coniaad  to  the  waHs  ot  tlM-ir  coau 
fortable  convent,  whi^h,  when  compaiod  with  the  usual  accomaso* 
datioos  of  the  iJoly  Land,  h  like  a  samptuous  aod  weU.lornislMd 
hotel,  open  to  all  comers  whom  curiosity  or  devotion  amy  brfug  t# 
this  mansion  of  rest  and  refreshnwnt. 
Afkcr  being  regafed  with  coffee^  and  smm  dalirfoM  laMMdt^ 
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we  were  shewn  to  oar  apartmentS|  to  repose  onrselres  aotil  top. 
per.  The  room  allotted  to  our  Engliih  partj  we  foand  to  be  the 
same  which  many  traTellers  ha^e  before  described*  It  was  deaB| 
and  its  walls  were  white- washed.  The  beds,  also,  had  a  clcanlj 
appearance ;  although  a  few  bogs  warned  us  to  spread  oor  hai^ 
mocks  upon  the  floor,  where  we  slept  for  once  unmolested.  Upoa 
the  substantial  door  of  this  chamber,  whose  roof  was  of  yaalted 
stone,  the  names  of  manj  Englbh  trayellers  had  been  canred. 
Among  others,  we  had  the  satisfaction  to  notice  that  of  Thomai 
Shaw,  the  most  learned  writer  who  has  jet  appeared  in  the  descrip. 
tions  of  the  Lerant.  Dr.  Shaw  had  slept  in  the  same  apartaeot 
seventy.nine  years  before  our  coming. 

A  plentiful  supper  was  serred,  in  a  large  room  called  the  Pil« 
grimes  Chamber.  Almost  all  the  monks,  together  with  their  supe. 
rior,  were  present.  These  men  did  not  eat  with  ns ;  having  tiwir 
meals  private.  After  we  had  supped,  and  retired  to  the  dormitoij, 
one  of  the  friars,  an  Italian,  in  the  dress  worn  bj  the  Franciscam, 
came  into  our  apartment,  and,  giTing  us  a  wink,  took  tome  bottles 
of  Noyau  from  his  bosom,  desiring  us  to  taste  it;  he  said  that  ht 
could  supply  us  with  any  quantity,  or  quality,  of  the  best  liquean, 
either  for  our  consumption  while  we  staid,  or  for  our  jonniey'.  We 
asked  him  whence  it  was  obtained  ;  and  he  informed  ns,  that  he 
had  made  it ;  explaining  the  nature  of  his  situation  in  the  nooas. 
tery,  by  saying,  that  he  was  a  confectioner  ;  that  the  monks  cm* 
ployed  him  in  works  of  ornament  suited  to  his  profession  ;  but  Aat 
his  principal  employment  was  the  manufacturing  of  liqueurs.  A 
large  part  of  this  convent,  surrounding  an  elevated  open  court  or 
terrace.  Is  appropriated  io  the  reception  of  pilgrims ;  for  whose 
maintenance  the  monks  have  considerable  funds,  the  result  of  doos. 
tions  from  catholics  of  all  ranks,  but  especially  from  catholie 
princes.  These  contributions  are  sometimes  made  in  cash,  and 
often  in  effects,  in  merchandise,  and  stores  for  the  convent.  To 
mention,  by  way  of  example,  one  article,  equally  rare  and  gratolal 
to  weary  English  travellers  in  the  Levant ;  namely,  tea.  Of  tliis 
they  had  an  immense  provision,  and  of  the  finest  quality.  Knowiagi 
from  long  habit  in  waiting  upon  pilgrims,  the  taste  of  difl^rent  bb» 
tions,  they  most  hospitably  entertain  their  comers  according  la  ftt 
notions  they  have  thus  acquired.  If  a  table  be  provided  for  Ea^ 
lishmen  or  for  Dutchmen,  thej  supply  it  copiously  with  tea«  TUs 
pleasing  and  refireiUag  bevemge  was  served  every  moraiivial 
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crmtng  wluie  we  lemaiaed,  in  targe  bowlj,  and  we  drank  it  oot  of 
pewtrr  jiorriiigfrs.  For  thii  salutary  gift  ihe  monlts  poiili»*lf 
refuatd  tu  accept  our  oflVrs  of  compi'nsa'ioa.  at  a  lime  whTi  a  trw 
drachdis  of  any  kind  of  tea  could  wiih  difliiulty  be  procured  from 
till  English  *hi|it'  io  tbe  Medilerranean,  at  (he  most  enurmous 
prices.  Ptr^ons  vrho  hare  not  Iraretled  in  theie  latiladei  will  per- 
haps not  reidily  conceive  the  importance  of  »uch  an  acqniMtion. 
The  exiiaused  traveller,  reduced  by  conlinua)  fcTer,  anJ  worn  hj 
incesMnC  toil,  without  a  hope  of  any  comfortable  repose,  eipe. 
xiences  in  this  infasion  the  most  cooling  and  balsamic  virtues  :  the 
heat  of  bis  blood  abates ;  hi«  spirits  revive  ;  his  parched  skin  re- 
's; his  strength  i^  renorated.  As  almost  all  the  disorders  of 
the  counlry,  and  particularly  those  to  which  a  traveller  is  most 
liable,  originate  in  obslructed  perspiration,  ibe  medicinal  propertiM 
of  tea  in  this  counlry  may  perhaps  explain  ihe  cause  of  its  long  ce- 
lebrity in  China.  Jcrnsalem  is  in  the  same  Jaliiude  wilb  Nankin, 
it  is  eight  degrees  further  to  the  south  than  Pekin  ;  the  inlln. 
e  of  climate  and  of  medicine,  in  disorders  of  the  body,  may 
therefore,  perhaps,  be  similar.  Certain  it  is,  thai  travellers  in 
China,  so  long  a^o  a^  the  ninlh  century,  mention  an  infusion  made 
from  the  leaves  of  a  certain  herb,  named  Sah,  as  a  core  for  all  dit. 
N  ;  which  is  proved  to  be  the  same  now  called  tee  by  European 
natioas. 

In  the  commotions  and  changes  that  have  taken  place  in  Jervsi. 
)em,  the  convent  of  St.  Salvador  has  beenoftt'n  phmdered  and  ilrip- 
t  of  its  effects.  Still,  however,therichesof  (he  treasury  are  said 
to  be  conMderable  ;  but  the  principal  part  of  itj  wealth  is  very  pro. 
periy  concealed  from  all  chance  of  observation.  At  present,  it  hai 
R  small  library,  full  of  books  of  little  value,  the  writings  of  pole, 
nical  divines,  and  stale  dissertations  upon  peculiar  poinlx  of  faith. 
We  examined  them  carefully,  but  found  nothing  so  much  worth 
notice  as  the  Oxford  edition  of  Manndrell's  Journey.  This  volume 
DC  traveller  had  left ;  the  worthy  monks  were  very  proud  of  it, 
.^though  unable  to  read  a  syllable  it  contained,  la  the  charch,  as 
well  as  in  the  chambers  of  the  monastery,  we  noticed  jeveral  pic* 
■•« ;  all  of  these  were  bad,  although  some  of  thnm  appeared  to 
ba»e  be*n  copied  from  originals  that  po<si  <ied  j;reater  merit.  In 
!  pigrim's  chamber,  a  printed  advertisement,  paMin)  upon  a 
^  board,  is  impended  from  the  wall,  ttivi'ig  notice,  that  *  no  pilf  rini 
•hall  be  tUowed  to  renain  ia  the  convent  loit^er  than  one  month :' 
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a  sufficient  time,  certainly,  for  all  parpotes  of  derotioo,  rett,  or 
cariositj.  The  Franciscans  complain  hearily  of  tke  exactions  of 
the  Turks,  who  make  frequent  and  large  demands  upon  them  for 
money ;  but  the  fact  of  their  being  able  to  answer  these  demands, 
affords  a  proof  of  the  wealth  of  the  con?ent«  Sir  Sydnej  Smith, 
during  his  visit  to  Jerusalem,  rendered  them  essential  service,  by 
remonstrating  with  the  Turkish  governor  against  one  of  these 
avan'ias,  as  they  are  called,  and  finally  compelling  him  to  withdraw 
the  charge.  The  monks  assured  us,  that  the  £nglish,  although 
prott'stants,  are  the  best  friends  the  catholics  have  in  Jerutalen, 
and  the  most  effectual  guardians  of  the  holy  sepulchre.  Thii 
served,  indeed,  as  a  prelude  to  a  request  that  we  would  alio  inter, 
cede  for  them  with  the  governor,  by  representing  to  hin,  tiiat  aay 
ill  usage  offered  to  christians  would  be  resented  by  the  British  na- 
tion. We  rendered  them  all  the  service  in  our  power^  aad  they 
were  very  thankful. 

Friday,  July  10.— This  morning  our  room  was  filled  with  Arme* 
nians  and  Jews,  bringing  for  sale  the  only  produce  of  the  Jemsa. 
lem  manufactures ;  beads,  crosses,  shells,  &c.  The  shells  wfie 
of  the  kind  we  call  mother-of-pearl,  ingeniously,  althou|^  coanaiyi 
sculptured,  and  formed  into  various  shapes.  Those  of  the  largest 
size,  and  the  most  perfect,  are  formed  into  clasps  for  the  zones  of 
the  Greek  women.  Such  clasps  are  worn  by  the  ladies  of  Cypras, 
Crete,  Rhodes,  and  the  islands  of  the  Archipelago.  All  these, 
after  being  purchased,  are  taken  to  the  church  of  the  Holy  Se- 
pulchre, where  they  receive  a  sort  of  benediction ;  exactly  after  the 
manner  in  which  the  beads  and  crosses,  purchased  el  Loretio  ia 
Italy,  are  placed  in  a  wooden  bowl  belonging  to  the  house  of  the 
Virgin  Mary.  Afterwards,  they  are  worn  as  reliqnes.  The 
beads  are  manufactured,  either  from  date  stones,  or  from  a  veiy 
hard  kind  of  wood,  whose  natural  history  we  could  not  learo*  It 
was  called  Mecca  fruit,  and,  when  first  wrought,  i^peared  of  the 
colour  of  box :  it  is  then  dyed  yellow,  black,  or  red.  The  be«ds 
are  of  various  sizes ;  and  they  are  all  strong  as  rosaries  ;  the 
smaller  being  the  most  esteemed,  on  account  of  the  greater  nam* 
ber  requisite  to  fill  a  string,  and  the  greater  labour  necessarOy 
required  in  making  them.  They  sell  at  higher  prices  when  they 
have  been  long  worn,  because  they  have  then  acquired,  by  frictioB| 
a  higher  polish.  This  sort  of  trumpery  is  ridiculed  by  all  travel* 
krs^  but  we  caoaot  say  it  if  scouted  by  any  of  them }  fortherehu 
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■at  been  one  who  did  not  encouiage  the  Jerusalem  nuinuractoriei 
by  the  purchases  he  msde.  It  offers  an  eas/  method  of  obUtnin^ 
■  large  quantity  of  acceptable  presents,  nhicb  occupy  little  space, 
for  the  inhabitant!  of  G  reek  and  catholic  countries,  as  well  as  for 
Turks  and  Arabs.  We  proTJded  ourseWes  with  a  considerable 
cargo,  and  found  them  useful  in  our  subuquent  journey.  The 
cuatom  of  carrying  such  strings  of  beads  was  in  use  long  befoce  tho 
Christian  xra  ;  and  the  practice  of  bearing  them  in  the  hand  pre* 
Tuls,  among  men  of  rank,  all  over  the  east.  It  is  not  to  easy  lo 
sccoani  for  the  origin  of  the  shell,  as  a  badge  worn  by  pilgrims  : 
but  it  decidedly  refers  to  much  earlier  oriental  customs  than  (he 
jonroeys  of  Christians  to  the  Holy  Land,  and  its  history  nlil  pro. 
bably  be  found  in  the  mythology  of  eastern  nations.  Aoiong  the 
substances  which  they  had  wrought  in  the  manufacture  of  rosaries, 
and  for  amulets,  we  were  glad  to  notice  the  black  fetid  limestone  oC 
the  Lake  Asphaltitm ;  because  it  enabled  us  lo  procure  very  large 
cpecimeos  of  that  mineral,  in  its  natural  state.  It  is  worn  in  the 
cast  as  a  charm  against  the  plague  ;  and  that  a  similar  superstition 
attached  to  this  stoae  in  very  early  ages,  is  evident  from  the  cir. 
cumstance  of  our  having  afterwards  found  amulets  of  the  same 
■ubstance  in  the  suhtt^rranean  chambers  below  the  pyramids  of 
Stqu^ra,  in  Upper  Kgypt.  The  cause  of  the  fetid  effluvia  emitted 
from  this  stone,  when  partially  decomposed  by  means  of  fricliun, 
II  now  known  to  be  o^ving  to  the  presence  of  sulphuretcd  hydro- 
gen. All  bituminous  Umrstone  does  not  possess  this  properly.  It  is 
Tsrylcommon  in  the  sort  of  limestone  called  black  marble  in  England, 
though  not  always  its  characteristic.  The  workmen  employed  by 
9tone.ma£ons  often  complain  of  the  unpleasant  smell  which  escapes 
from  it  during  their  labours.  The  ancient  Gothic  monumcnU  in 
France  frequently  consisted  of  fetid  limestone.  The  fragments 
which  we  obtnined  from  the  Dead  Sea  had  this  properly  in  a  very 
remarkable  degree ;  and  it  may  generally  be  observed,  that  (he 
•rienlal  specimens  are  more  strongly  impregnated  wilh  faydro-sul. 
pnret  than  any  which  are  found  in  Europe.  The  water  of  the 
Desd  Sea  has  a  similar  odour.  The  monks  of  St.  Salvador  kept  it 
ID  jars,  together  with  the  bitumen  of  the  same  lake,  amon°  the  ar- 
ticles of  their  pharmacy  ;  both  the  one  and  the  other  being  also 
otaemed  on  account  of  their  medical  virtues. 

We  set  out  to  visit  what  are  called  the  Holy  Places.     These  are 
all    ampl^  described  by  at  least  an  hundred  authors.     From  the 
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monastery  we  descended  to  the  charch  of  the  holj  sepuldiref 
attended  by  seyeral  pilgrims,  bearing  with  them  rosaries  and  era* 
cifizes  for  consecration  in  the  tomb  of  Jesas  Christ.  Concerning 
the  identity  of  this  most  memorable  reliqae,  there  is  eyery  evidence 
bat  that  which  should  result  from  a  yiew  of  the  sepalchre  itself. 
After  an  attentive  perusal  of  all  that  may  be  adduced,  and  all  that 
has  been  urged,  in  support  of  it,  from  Eusebias,  Lactantius«  So- 
zomen,  Jerom,  Seyerus,  and  Nicepborus,  it  may  be  supposed  that 
the  question  is  for  eyer  decided.  If  these  testimonies  be  insafficient, 
<'  we  might,*'  says  Chiteaubriand,  ^^  adduce  those  of  Cyril,  of 
Theodoret,  and  eyen  of  the  itinerary  from  Bourdeau  to  Jerusalem/' 
in  the  middle  of  the  fourth  century.  From  the  time  of  the  Emperor 
Adrian,  when  the  crucidxion  and  burial  of  our  Sayionr  was  almoit 
in  the  memory  of  man,  unto  the  age  of  Constantine,  an  image  of 
Jupiter  marked  the  site  of  the  holy  sepulchre,  and  Mount  Calyary 
continued  to  be  profaned  by  a  statue  of  Venus.  This  powerfal 
record  of  the  means  used  by  the  pagans  to  obliterate  the  rites  of 
Christianity,  seems  to  afford  decisive  evidence  concerning  the  loca- 
lity of  the  tomb,  and  to  place  its  situation  beyond  the  reach  of 
doubt.  Theodoret  affirms,  that  Helena,  upon  her  arriyal,  foud 
the  fane  of  Venus,  and  ordered  it  to  be  thrown  down.  To  whal 
then  can  be  attributed  the  want  of  every  document  within  tha 
building  now  called  the  church  of  the  holy  sepulchre,  which  migM 
denote  the  site  of  such  a  monument  ?  The  sepulchres  of  the  Jewi, 
as  has  been  already  maintained,  were,  in  the  age  of  the  crucifixioni 
of  a  nature  to  withstand  every  attack  of  time :  they  were  excsra. 
tions  made  in  the  heart  of  solid  rocks,  which  even  eartbqaakn 
would  scarcely  remove  or  alter.  Indeed,  we  haye  evidence  fraife 
the  Gospel  itself,  that  earthquakes,  in  certain  instances,  had  no 
power  over  them ;  for  the  sepulchre  of  Joseph  of  Arimathea,  made 
before  the  earthquake  which  accompanied  the  crucifixion,  is  de* 
scribed,  after  that  event  had  taken  place,  as  his  own  new  tomb, 
which  he  had  hewn  out  of  the  rock.  Even  the  grooving  fot  the 
stone  at  the  door  was  unchanged  and  entire,  for  he  rolled  the  great 
stone  to  the  door  of  the  sepulchre,  and  departed;  and  it  was  afteiw 
wards  sealed  and  made  sure.  Quaresmius,  by  an  engaving  for  the 
illustration  of  the  mode  of  burial  then  practised,  ha<)  shewn,  ac« 
cording  to  a  model  familiar  to  the  learned  monk,  from  his  residenot 
in  the  Holy  Land  where  such  sepulchres  now  exist,  the  sort  of 
tomb  described  by  the  Evangelists.    Bat  there  is  nothing  of  this 


aUlNS  OF  JEnUSALBH.  SVJ 

kind  in  the  church  of  the  holy  sepulchre ;  nuthhig  that  can  be  re- 
conciled uilb  the  hiatory  ul  out  ^iiTiour's  l)uml.  In  orilvr  lo  do 
■way  tfaii  ulurin^  inconsisicRL-y,  it  h  alUrmeil  tliat  Mount  C-ilvary 
was  levelled  Tor  Ihf  luundniioiia  of  the  cliiirch  ;  lh>il  the  woril  of^i, 
moni,  Aortt  nut  iK-cetiSMrily  t\gu\(y  a  iiiuuiilRin,  but  Mrnictimt'S  a 
flntKll  hill;  Ihqt  the  tei>ulclir'  of  Christ  alone  remiiue<l  aliiT  this 
lerelliiii(  had  laken  ('Ucp,  in  the  cenlrf  of  the  aitS}  anil  ti>Bl  this 
was  incaied  Hilh  marble  ! — nut  a  nyllubK'  oi  »l)ich  is  »up)iu:  led  by 
sny  ekiiting  (■vitli-nt:e  oHert>d  in  the  ciiniiinplalio:)  of  what  ii  nuw 
called  the  Tomb.  Let  ua  therefore  proceed  to  describe  wliatrtaKy 
remains. 

Wo  came  lo  a  goodly  structure,  whose  citernal  iLppearance  re- 
■embled  thai  of  any  oniiniiry  Roman  catholic  ihurth.  Ov<t  the 
ilour  we  obserred  a  bus.  rclipf,  eieculHl  in  a  siyle  of  sculpture 
meriting  mare  afienliun  than  it  has  hiiherta  received.  Ai  first 
sight,  it  scemi-d  of  hijjlu'r  Hnliquily  than  the  e\istt'iice  of  any  ^ilace 
of  chrillian  worship  ;  but,  upon  a  neurer  view,  we  recognisi-d  ihe 
bt»tory  of  th^' Messiah's  entry  into  JerusalcEii — them  titude  strew, 
ing  pidm  branchea  before  him.  The  figures  uere  Tcry  numerous. 
Perhaps  it  may  be  consideced  as  oiTi-rin^'  an  nample  of  tlie  first 
work  in  which  pagan  sculptors  reprrsented  a  christian  (heme.  Eu. 
lering  the  church,  the  first  thing  they  shewed  to  us  was  a  slab  of 
white  marble  in  (he  poTemeiit,  surrounded  by  a  rail.  Itsreuied 
like  one  of  the  grave-stones  in  the  floor  of  our  English  churchos. 
This,  they  told  us,  was  the  spot  whtre  our  Siviuur's  body  was 
anointed  by  Joseph  of  Arimathen.  ^Ve  next  advanced  towards  a 
dusty  fabric,  standing,  iiltc  a  huge  pe,  p.-r  box,  in  llie  midit  of  the 
principal  ai^Ie,  and  beneath  the  main  dome,  Thii  raslcd  upon  a 
building,  partly  circular,  and  partly  oblong,  as  Ujon  a  pedeila), 
Tht-  interior  of  (his  strange  fabric  is  divided  into  two  parts.  Hat. 
ing  entered  the  tirsl  part,  whii  h  is  a  kind  of  ante.chapcl,  they  shew 
yon,  before  the  month  of  what  is  called  the  sepulchre,  the  iluno 
whereon  tlie  angel  sat :  this  is  a  block  of  white  marbl",  neither 
cufrespondlng  uitli  the  mouth  of  the  se|inlchre,  nor  with  the  sub* 
ttance  frooi  tthii:h  it  must  have  been  hewn  ;  for  the  rocks  of  Jem. 
salem  are  all  of  a  common  compact  limestone.  Shaw,  speaking  of 
the  boly  sepulchre,  says,  that  all  tin' surrounding  rocks  were  cut 
kway,  lo  form  the  level  of  the  iharch;  su  that  now  it  is  a  grotto 
sboTe  ground :  but  eten  this  is  not  true  ;  there  are  an  remains 
whatsoever  of  any  aucieot  known  sepulchre,  that,  vilb  the  moat 
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attentive  and  scrupulous  examination,  we  could  possibly  discorer* 
The  sides  consist  of  thick  slabs  of  that  beautiful  breccia,  Tulgafly 
railed  Ferd. antique  marble  ;  and  over  the  entrance,  which  is  rug. 
ged  and  broken,  owing  to  the  pieces  carried  off  as  reliques,  the 
substance  is  of  the  same  nature.  All  that  can  therefore  dow  be 
affirmed  with  any  shadow  of  reason,  is  this ;  that,  if  Helena  bad 
reason  to  believe  she  could  identify  the  spot  where  the  sepulchre 
was,  she  took  especial  care  to  remove  every  existing  trace  of  it,  in 
order  to  introduce  the  fanciful  and  modern  work  which  now  re* 
mains.  The  place  may  be  the  same  pointed  to  her ;  but  not  a  rem- 
nant of  the  original  sepulchre  can  now  be  ascertained.  Yet,  with 
all  our  sceptical  feelings  thus  awakened,  it  may  prove  how  power- 
ful the  effect  of  sympathy  is,  if  we  confess  that,  when  we  entered 
into  the  sanctum  sanctorum,  and  beheld,  by  the  light  of  lampi| 
there  continually  burning,  the  venerable  figure  of  an  aged  monk, 
with  streaming  eyes,  and  a  long  white  beard,  pointing  to  the  place 
where  the  body  of  our  Lord  was,  and  calling  upon  us  to  kneel  and 
experience  pardon  for  our  sins — we  knelt,  and  participated  in 
the  feelings  of  more  credulous  pilgrims.  Captain  Colverhouse,  ii 
whose  mind  the  ideas  of  religion  and  of  patriotism  were  inseparable, 
with  firmer  emotion,  drew  from  its  scabbard  the  sword  he  had  so 
often  wielded  in  the  defence  of  his  country,  and  placed  it  upon  the 
tomb.  Humbler  comers  heaped  the  memorials  of  an  accomplished 
pilgrimage  ;  and  while  their  sighs  alone  interrupted  the  silence  of 
the  sanctuary,  a  solemn  service  was  begun.  Thus  ended  our  visit 
to  the  sepulchre. 

if  the  reader  has  caught  a  single  spark  of  this  enthusiasm,  it 
were  perhaps  sacrilegious  to  dissipate  the  illusion.  But  much  re- 
mains untold.  Kvery  thing  beneath  this  building  seems  discordant, 
not  only  with  history,  but  with  common  sense.  It  is  altogether 
such  a  work  as  might  naturally  be  conjectured  to  arise  from  the 
infatuated  superstition  of  such  an  old  woman  as  was  llelena,  sub- 
sequently enlarged  by  ignorant  priests.  Forty  spaces  from  tht 
sepulchre,  beneath  the  roof  of  the  same  church,  and  upon  the  same 
level,  are  shewn  two  rooms,  one  above  the  other.  Close  by  the 
entrance  to  the  lower  chamber,  or  chapel,  are  the  tombs  of  Gpd« 
frey  of  Boulogne,  and  of  Baldwin,  kini;s  of  Jerusalem,  with  in. 
scriptions  in  Latin,  in  the  old  Gothic  character.  These  have  been 
copied  into  almost  every  book  of  travels,  from  the  time  of  Sandys 
to  the  present  day.    At  the  extremity  of  this  chapel  thej  exhibit 
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«  or  cUft  in  ihe  naturnl  rock  i  nnd  Ihis,  Ihey  say,  happened 
at  Ihe  crucifixion.  Who  .<^haI1  prcsuaie  to  contradict  lliu  Ule? 
Bui,  lo  complplc  the  naieele  of  (lie  tradition,  it  is  aUo  nild^d,  that 
ihe  head  of  Ad«m  wai  found  within  (he  fissure.  Then,  if  the 
traveller  has  not  already  licard  and  se<-n  enough  to  make  him  re. 
gret  his  wasted  time,  lie  may  ascend  by  a  few  steps  into  a  roani 
■hove.  There  they  will  bhew  liim  tlie  same  crack  again  ;  and  i'nme. 
diately  in  front  of  it,  a  modern  aliar.  This  they  reneratti  as  Moant 
Calvary,  the  place  of  crucil^xion  ;  exhibiting  upon  this  contracted 
piece  of  masonry  the  marks,  or  holes,  of  the  three  crosses,  without 
tb«  smallest  regard  to  the  space  necessary  for  their  erection.  After 
this  he  may  be  conducted  through  sach  a  farrago  of  ab.inrdilies,  that 
It  is  wonderful  the  learned  men,  who  hare  d<^scribed  Jerusalem, 
sboald  have  Glled  their  pages  with  any  serious  detail  of  them. 
Nothing,  however,  can  surpass  the  fidelity  with  which  Sandys 
has  particularized  every  circumstance  of  all  this  trumpery  ;  and 
h'a  rude  cuts  are  characterized  by  equal  exactness.  Among 
others,  should  be  mentioned  the  place  where  the  cross  was  found  ; 
because  the  ideniity  of  the  timber,  which  has  since  supplied  all 
(hrislcndom  wilh  its  reliques,  was  confirmed  by  a  miracle, — proof 
equally  infallible  with  that  afforded  by  the  t^agle  at  the  tomb  of 
Theseus,  in  (he  i^le  of  Scyra,  when  Cimon  the  Athenian  sought  the 
bones  of  the  son  of  .f.geus 

It  is  time  to  quit  these  degrading  fallacies :  let  as  break  from  oar 
monkish  insfrnctors  ;  and,  instead  of  viewing  Jerusalem  as  pil- 
grims, examine  it  by  thp  light  of  history,  wilh  (he  Bible  in  our 
band^.  We  shall  thus  lind  many  interesting  objects  of  contempla. 
tion.  If  Mount  Calvary  h^is  sunk  beneath  the  ovenvlielming  in. 
flvi'Dce  of  superstition,  studiously  endeavouring  to  modify  and  to 
disligure  it,  ihrough  so  many  ages ;  if  the  situation  of  Mount  Sion 
yet  remains  (o  be  ascertained;  the  Mount  of  Olives,  undisgui-ed  by 
fuuticat  labours,  eihibrls  the  appearance  it  presented  in  all  the 
prriods  of  its  history.  From  its  elevalcd  summit  almost  all  the 
principal  features  of  the  city  may  be  discerned,  and  Ihe  changes 
that  eighteen  centuries  hare  wrought  in  its  to[iography  may  perhaps 
be  ascertained.  The  features  of  nature  continue  the  same,  though 
works  of  art  have  been  done  away  :  the  beautiful  gati-  of  (he  lempls 

but  Siloa's  fountain  haply  flows,  and  Kedron  somt!- 

rs  in  the  valley  of  Jehosaphat. 

I  resolve,  and  the  delerminaliun   of  using  our  own 
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eyes,  instead  of  peering  through  the  spectacles  of  priests,  that  In! 
to  the  (liscoTery  of  antiquities  undescribed  by  any  author:  and 
marvellous  it  is,  considering  their  maguitude,  and  the  scratiniziog 
inquiry  which  has  been  so  oftea  directed  to  every  object  of  the 
place,  that  these  antiquities  have  hitherto  escaped  notice.  It  b 
possible  that  their  position,  and  the  tenor  of  their  inscriptioas, 
may  serve  to  throw  new  light  upon  the  situation  of  Sion,  and  the 
topography  of  the  ancient  city.  This,  however,  will  be  a  subject 
for  the  investigation  of  future  travellers.  We  must  content  our* 
selves  with  barely  mentioning  their  situation,  and  the  circamstances 
of  their  discovery.  We  had  been  to  examine  the  hill  which  now 
bears  the  name  of  Sion  :  it  is  situated  upon  the  south  side  of  Jtnu 
salem,  part  of  it  being  excluded  by  the  wall  of  the  present  cttj, 
which  passes  over  the  top  of  the  mount.  If  this  be  indeed  Mouat 
Sion,  the  prophecy  concerning  it,  that  the  plough  shall  pass  over 
it,  has  been  fulfilled  to  the  latter  ;  for  such  labours  were  actoallf 
going  on  when  we  arrived.  Here  the  Turks  have  a  mosque  over 
what  they  call  the  tomb  of  David.  No  christian  can  gain  adiuti 
tance ;  and  as  we  did  not  choose  to  loiter  among  the  other  legct- 
dary  sanctities  of  the  mount,  having  quitted  the  citj  by  what  u 
called  Sion  Gate,  we  descended  into  a  dingle  or  trench,  called  To. 
phet,  or  Gehinnon,  by  Sandys.  As  we  reached  the  bottom  of  iMi 
narrow  dale,  sloping  towards  the  valley  of  Jehosaphat,  we  ob- 
served) upon  the  sides  of  the  opposite  mountain,  which  appeals  to 
be  the  same  called  by  Sandys  the  hill  of  offence,  facing  Mount  Sioi| 
a  number  of  excavations  in  the  rock,  similar  to  those  already  de» 
scribed  among  the  ruins  of  Telmessus,  in  the  gulph  of  Ghocas: 
and  answering  to  the  account  published  by  Shaw  of  the  Crypts  of 
Laodicea,  Jebilee,  and  Tortosa.  We  rode  towards  them ;  their 
situation  being  very  little  elevated  above  the  bottom  of  the  diogk^ 
upon  its  southern  side.  When  we  arrived,  we  instantly  reocMpuMi 
the  sort  of  sepulchres  which  had  so  much  interested  qs  ia  Aaa 
Minor,  and,  alighting  from  our  horses^  found  that  we  shoald  lunt 
ample  employment  in  their  examination.  They  were  all  of  the  saai 
kind  of  workmanship,  exhibiting  a  series  of  subterranean  chaBbei% 
hewn  with  marvellous  art,  each  containing  one,  or  many,  reposi- 
tories for  the  dead,  like  cinterns  carved  in  the  rock  upon  the  uiH 
of  those  chambers.  The  doors  were  so  low>  that,  to  look  into  any  OM 
of  them,  it  was  necessary  to  stoop,  and,  in  some  inataaoes,  to  creep 
upon  our  hands  and  knees :  these  doora  were  also  grooTed,  for  tke 
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rrc^ption  of  immense  stones, onci-  s(|uaTedand  (iltcJ  to  the  grooTeSj 
by  way  uf  closing  llie  piitrances.  Uf  such  a  nature  wcro,  indispu- 
tably', the  lomljsor  tlie  sons  uf  Hclh,  of  the  kings  of  Israt-I,  of  La. 
tarns,  and  ofChrist.  This  has  been  also  pruvi'it  by  Stiavr ;  but  the 
subject  has  been  mure  satisfactorily  tlucidalfd  by  the  learned  Qua- 
ra^miua,  in  his  dissertation  concerning  ancient  sepulchres.  The 
cemetries  of  the  ancients  were  universally  excluded  trum  the  pre. 
ancti  of  their  cities.  In  order,  therefore  to  account  for  the 
seeming  contndiclioa  implied  bv  the  situation  of  the  place  now 
shewD  as  the  tomb  of  the  Measiuh,  It  is  pretended  that  it  was  origi- 
naJly  on  the  outsiile  of  the  walls  of  Jerusalem;  allliuu^h  a  doubt 
niut  necessarily  ariM  as  tu  IheVant  of  lufliijent  space  for  the  po. 
pBlation  of  the  city,  between  a  boundary  so  situated,  and  ihe  bill 
which  U  now  called  Mount  Siou.  The  sepulchres  we  are  describ. 
lag  carry,  in  their  very  nature,  sati-sfaclory  evidence  uf  Iheir  being 
situatetl  out  of  Ihe  ancient  city,  as  thi'y  are  now  out  of  the  modera. 
They  are  not  to  be  confounded  with  those  tombs,  commonly  called 
(be  sepulchres  of  the  kings,  to  Hie  north  of  Jerusalem,  believed  to 
be  the  burial-place  of  Helena,  queen  of  Aitiebenl;.  What  there. 
fore  arp  they  f  Some  of  them,  from  their  magnificence,  afe  the 
immeDse  labour  necessary  to  form  the  numerous  repositories  they 
conlaia,  might  Iny  claim  to  regal  honours ;  and  there  is  one  which 
appears  to  have  been  constructed  for  Ihe  purpose  uf  inhuming  a 
tingle  individual.  The  Karxan  Jews,  of  all  other  the  most  lena. 
ciou*  in  adhering  to  the  customs  of  their  ancestors,  have,  from  time 
immemorial,  been  in  the  practice  of  bringing  their  dead  (O  this 
place  for  interment ;  although  this  fact  was  not  wanted  to  prove  it 
an  ancient  Jewish  cemetry,  as  will  be  s^en  in  the  sequel.  The 
sepulchres  themselves,  according  to  the  ancient  practice,  are  sta< 
tioDcd  in  the  midst  of  gardens.  From  all  these  circumstances,  are 
we  not  authorised  tu  seek  here  for  the  sepulchre  of  Joseph  of 
Arimathea,  who,  as  a  pious  Jew,  necessarily  had  his  buryiugplace 
im  the  cemeiry  of  his  countrymen,  among  the  graves  of  bis  forefa. 
tbers  •  The  Jews  were  remarkable  for  (heir  rigid  adherence  to  this 
outoin  :  they  adorned  their  burial-places  with  trees  and  ganlens  : 
and  the  tomb  of  this  Jew  is  accordingly  described  as  being  in  a 
garden  ;  and  it  was  in  the  place  where  our  Saviour  was  crucified. 
Of  wbat  nature  was  that  place  of  crucitixion  2  It  is  very  worthy 
of  observation,  that  evtry  one  of  the  Kvangtlists  (and  among  these 
h»  tbat  Ban  it,  and  bare  record),  al&rni  Hut  it  was  the  place  of  a 
r  3m3 
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scull ;  tliit  IS  to  say,  a  public  cemetrj,  called  ia  the  Hebrew, 
GoLotiia  ;  without  the  city,  and  very  near  to  one  of  its  gates. 
St.  Luke  calls  it  Calvary,  which  has  the  same  signification.  Tbe 
church,  supposed  to  mark  the  site  of  the  holy  sepulchre,  exhibits  do 
wh(^re  the  slightest  eyidence  which  might  entitle  it  to  either  of  these  . 
.  appellations.  Can  there  be,  therefore,  aught  of  impiety  or  of  teme- 
rity ill  venturing  to  surmise,  that  upon  the  opposite  sommit,  dot 
called  Mount  Sion,  without  the  walls,  the  crucifixion  of  the  Messiaii 
was  actually  accomplished  ?  Perhaps  the  eyidence  afforded  bj 
existing  documents  may  further  illustrate  this  most  interesting  sub- 
ject.— These  will  now  be  enumerated. 

Upon  all  the  sepulchres  at  the  base  of  this  mount,  which,  as  tbe 
place  of  a  scull,  we  have  che  auAiority  of  the  gospel  for  calling 
either  Calvary  or  Golgotha,  whether  the  place  of  cmcifixion  or 
not,  there  are  inscriptions,  in  Hebrew  and  in  Greek*  TheHebrev 
inscriptions  are  the  most  effaced  :  of  these  it  is  difficult  t6  oake 
any  tolerable  copy.  Besides  the  injuries  they  have  sustained  bj 
time,  they  have  been  covered  by  some  carbonaceous  substance^ 
either  bituminous  or  fumid,  which  rendered  the  task  of  transcribii^ 
them  yet  more  arduous.  The  Greek  inscriptions  are  brief  aod 
legible,  consisting  of  immense  letters  deeply  carved  io  the  hce  of 
the  rock,  cither  over  the  door,  or  by  the  side,  of  the  sepukhies. 
Upon  the  first  we  observed  these  characters  : 

+  THCArlAC 
CIWN 

OF  .  THE  •  HOLY 
SION 

Having  entered  by  the  door  of  this  sepulchre,  we  found  a  sptciois 
chamber  cut  in  the  rock,  connected  with  a  series  of  other  subterraoeu 
apartments;  one  leading  into  another,  and  containing  ao  extensive 
range  of  receptacles  for  the  dead,  as  in  those  excavations  before 
alluded  to,  (but  which  appear  of  more  recent  date,)  lying  to  the 
north  of  Jerusalem,  at  a  more  considerable  distance  from  the  citj; 
and  also  as  in  the  Cryptae  of  the  Necropolis  near  Alexandria  id 
Eg)  pt.  Opposite  to  the  entrance,  but  lower  down  in  the  rock,  i 
second,  and  a  similar  aperture,  led  to  another  chamber  beyond  tbe 
first.  Over  the  entrance  to  this,  also,  we  observed  an  inscription, 
nearly  obliterated^  but  differing  from  the  first,  by  the  addition  of 
two  letters : 


ItOINS  OfJEUUSALliM. 


+  HN THC 

ArlACClVVN 


Having  renched  the  citreinily  of  ihis  second  chamber,  we  could 

prucptd  no  further,  owing  to  the   rubbish   which  oEjstructed   our 

p«SMge,      IVrhnps  the  rcmoVQl  of  ihis  tnny,  ol  some  future  period, 

L      lead  fo  olhcr  (liscoveri&s.     It  was  evident  that  wt-  had  not  attained 

■  the  rPDiotest  part  of  these  caverns.  There  were  others  wilh  similar 
I  Gretk  inKfipIioiis,  and  one  which  parlicularly  attracted  our  no. 
H    .ticc,  from  ils  pxtranrdinary  ruincidence  with  all  the  tircu  instance  a 

■  Jiltacbing  to  the  hiilory  of  our  Sayionr's  tomb.  The  large  ntone 
B  -that  ODce  closed  its  muulh  had  been,  perhaps  for  ages,  rolled 
B  away,  Stouping  down  to  look  into  il,  we  obstr\ed,  within,  a 
^L  bir  tepolchre,  containing  a  reposilory,  upon  one  tide  only,  for  a 
V  iingle  body  ;  whereas,  in  moKt  of  the  uihcrs,  ihtre  were  two,  and 

in  many  of  them  more  than  two.  It  is  placed  exactly  opposite  to 
that  which  is  now  called  Mount  Sion.  As  we  viewed  this  sepuU 
chre,  and  read  upon  the  spot  the  description  given  of  Mary  Mag> 
dalene  and  tlie  disciples  coming  in  the  morning,  it  was  impoisible 
to  divert  our  minds  of  the  probability  that  here  might  have  been 
(he  identical  tomb  of  Jesus  Christ ;  and  that  up  Ihe  steep  which 
led  to  il,  after  descending  from  the  gate  of  the  cily,  the  disciples 
strove  together,  when  John  did  outrun  Peter,  and  came  drsi  to  the 
sepulchre.  They  are  individually  described  as  stooping  down  to 
look  into  it;  they  express  their  doubts  as  to  the  possibility  uf 
removing  so  huge  a  gtonn,  that  when  once  fixed  and  scaled,  it 
Blight  have  ballled  every  human  cflbrl.  Ilut  upon  this,  as  upon 
the  others  already  mentioned,  instead  of  a  IK'brew  or  a  I'hcEuicina 
inscription,  there  were  the  same  Greek  characters,  destitute  onty 
of  the  GreL-k  cross  prefixed  in  the  former  instances.     The  inscrlp. 

klioD  stood  thus, 
THCAriAC 
r  CIWN 

(he  letters  being  very  large,  and  deeply  carved  in  the  mggcd  mr. 
bee  of  tile  rock. 

The  Hebrew  inscriptions,  instead  of  being  over  (he  entrances, 
were  by  (lie  side  of  the  dours.  }Iaving  but  little  knowledge  of 
th«  characters  with  which  they  were  urilten,  all  that  conld  be 
attempted  was,  (o  make  as  faithiu!  a  repr^senUliun  as  pos<,ib1e  of 

■  vrery  incision  upon  the  stone,  without  attempting  to  supply  any        ^^i 

L  ^ I 
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thing  hy  conjecture  ;  and  even  admitting,  in  certain  inftancef, 
doubtful  traces,  v^  hich  were  perhaps  casualties  caused  by  injuries 
the  stone  had  sustain*  d,  having  no  reference  to  the  legend. 

The  words  of  iUe  inscription  are  supposed  to  be  Arabic,  ei« 
pressed  in  Hebrew  and  Phccnician  characters.  The  arrow-headed 
character  occurs  here,  as  in  the  inscriptions  at  Telmessus. 

All  the  far«-  of  this  mountain,  along  the  dingle,  supposed  to  be 

the  Vale  f»f  Gehinnon,  by  Sandys,  is  marked  by  similar  excava. 

tious.     Some  of  these,  as  may  be  seen  by  reference  to  a  former 

note,  did  not  escape  his  searching  eye ;  although  he  neglected  to 

observe  their  inscripfionSt  probabljf  from  keeping  the  beaten  track 

of  pilgrims  going  from  Mount  Sion  to  the  Mount  of  Olives,  and 

neglecting  to  cross  the  valley  in  order  to  examine   them  more 

nearly.     The  top  of  the  mountain  is  covered  by  ruined  walls  and 

the  remain!!  of  sumptuous  edifices  :  these  he  also  noticed  ;  but.  be 

does  not  even  hint  at  their  origin.     Here  again  we  are  at  a  loss  for 

intelligence ;  and  future  travellers  will  be  aware  of  the  immense 

fit  Id  of  inquiry  which  so  mnny  undescribed  remains  b«*longing  to 

Jerusalem  offer  to  their  observation.      If  the  foundations  and 

ruins  ^s  of  a  citadel  may  be  traced  all  over  this  eminence,  the 

proUibility  is,  that  this  was  the  real  Mount  ^ion;  that  tht'  Gehin. 

non  01  Sandys,  and  of  many  other  writers,  was  in  fact  thf  Valley 

of  Millo,  culled  Tyropccon  by  Josephos,   which  separated   Sion 

from  Mount  Moriah,  and  extended  as  far  as  the  Fountain  Siloa, 

where  it  jjined  the  Valley   of  Jehosaphat.     The  sepulchres  wiH 

then  appear  to  hare  been  situst^d  beneath  the  walls  of  the  citadel, 

as  was  the  case  in  many  antient  cities.     Such  was  the  sitnatioa  of 

the  Grecian  sepulchres    n  th*^*  Crimea,  belonging  to  the  ancieot 

city  of  Cherbonesus,  in  the  Minor  Penin.cuU  of  the  Heracleotx. 

The  inscriptions  already  noticed  seem  to  favour  this  position  ;  and 

if  hereafter  it  should  ever  be  confirmed,  the  remarkable  things 

belonging  to  Mount  Sion,  of  which  Pocoeke  says  there  are  no 

remains  in  the  hill  now  bearing  that  appellation,  will  in  fact  be 

found  here.     The  Garden  of  the  Kings,  near  the  Pool  of  Siioaoi, 

where  Manasseh  and  Amon,  kin^s  of  Judah,  wer«  buried;  the 

cemetery  of  the  kings  of  Jubah ;  the  traces  and  remains  of  Heivd*s 

palaces,  calhd  after  the  names  of  Caesar  and  Agrippa  ;  together 

with  the  otiier  places  mentioned  by  Nehemiah.     All  aloug  the  side 

of  this  mountain,  and  in  the  rocks  above  the  Vallej  of  Jebosa* 

phat,  upon  the  eastern  side  of  Jerusalem,  as  far  as  the  sepnlchrtf 
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of  Zcchariuh  aod  Absalom,  and  aboTe  thpse,  almost  to  tbe  (op  of 
thf  M-mnl  of  Oi!tf!i,  the  Jews  n-siJent  in  tliu  city  bury  thoir 
deail,  a^Uier'ii'n  slill  lo  thf  remplry  of  'heir  aiicfslors;  but  haWng 
lan((  lost  (he  an  uf  cunMioctin^  the  immenie  st|.iuluhreB  now 
dfsmberl,  (hry  conI>  nt  Ihemtcltes  in  plBcini;  Ht^lir--W  inscriptions 
v|).ii>  small  u|iri!;ht  <>iubs  of  niBrl'le,  or  of  common  limestone, 
rsi'-ed  allur  the  niaoiier  ut  present  generally  iu  u<f  throughout  (be 
East.  IDr.  Clarke. 


Irlereiling  Ruins  of  ike  Plain  r,f  Troy. 
We  cT'M'jed  the  Aiendir  by  a  nootleti  bridge,  immediatfj^  after 
leaving  Koum-ka  e  :  ami  nsctrtained  its  lireaHth.  in  (hat  pari,  to 
eqo.il  an  hnndreil  and  Ihirly  yafdi.  We  then  enrrr.  d  an  Immense 
pluin,  in  wiiich  some  lurks  were  engsi-i-d  huulin:>  wild  boars, 
Peassiiis  were  41S0  employed  in  plou^hlnf;  a  deep  and  rirh  soil  of 
TPl(rlable  enrlh.  Prore>  dine  towards  (he  east,  and  round  the  bar 
distinctly  pointed  nrt  by  Siralio,  as  tb^  harliour  in  which  (lie 
m  fleet  was  '<1atiom'd.  we  arrived  at  t:,f  Sepulchre  of  Ajai, 
he  antient  Uhtctian  Pnimonlury.  Concernine  this  (umulns 
dure  i*  eicry  reason  to  hflirve  uur  informatiou  correct.  If  we 
had  onry  the  (e&t  of  Strabo  for  our  euiilsnre,  (h'  re  would  he  little 
j(ruiind  for  incredulily  ;  and,  by  ihe  i^vidence  aflbrdcd  in  a  View 
of  the  monument  ils<-ir,  we  hate  the  best  comment  upon  this 
accuracy.  It  is  nne  of  the  mu't  interesting  objects  (o  which  (he 
■((•■nlion  of  ihe  litpr-iry  traTcller  can  possibly  be  directed.  In. 
stead  of  the  sinijU'-  Sl^la,  usunlly  employed  lo  ileconte  the  sum. 
mit  uf  tbe  most  aniicnl  sepulchral  mounds,  all  writers,  who  hare 
aiea'ioned  the  tomb  of  Ajax,  relate,  (hat  it  w,is  ^u^mau^(ed  by  a 
ahrine,  in  which  a  statue  of  the  hero  was  preserved.  Religious 
regard  for  this  halluwed  spot  continued  through  so  many  ages,  that 
even  lo  the  time  in  which  Christianity  decreed  the  dfstrurtion  of 
the  Fagan  idols,  the  sanctity  of  the  A'iaiiieam  was  maintained  and 
venerated.  Such  iinpurtiincp  was  annexed  lo  the  inviolability  of 
Ibe  monument,  that  after  Anthony  had  rnrried  info  l^jfypt  the 
consecrated  image,  it  was  agjiii  nrovered  by  Augustus,  and 
restored  to  its  pristine  shrine.  These  facts  may  possibly  serre  to 
•ccoont  for  the  present  appearunce  of  the  tomb,  on  whose  sum. 
_    Bit  that  shrine  itielf,  and  a  consiiUrable  portion  of  the  soper.        ^^^ 
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structure,  remain  unto  this  hour.  Pliny,  moreoTer,  mentions  the 
situation  of  the  tomb  as  being  in  the  very  station  of  the  Grecian 
feet ;  and,  by  giving  its  eiart  distance  from  Sigeum,  not  onlj 
adds  to  our  conviction  of  its  identity,  but  marks  at  the  same  time, 
most  decisively,  the  position  of  the  Portus  AchKorum.  In  all 
that  remains  of  former  ages,  I  know  of  nothing  likely  to  affect 
the  mind  by  emotions  of  local  enthusiasm  more  powerfully  than 
this  most  interesting  tomb.  It  is  impossible  to  Tiew  its  subUme 
and  simple  form,  without  calling  to  mind  the  feneration  so  long 
paid  to  it ;  nithout  picturing  to  the  imagination  a  successive  series 
of  mariners,  of  kings  and  heroes,  who  from  the  Hellespont,  or 
by  the  shores  of  Troas  and  Chersoncsus,  or  on  the  sepulchre 
itself,  poured  forth  the  tribute  of  their  homage ;  and  finally, 
without  reprtsenting  to  the  mind  the  feelings  of  a  natire,  or  of  a 
traveller,  in  those  times,  who,  after  viewing  the  existing  mooo- 
ment,  and  witnessing  the  instances  of  public  and  private  regard  so 
constantly  bestowed  a|)on  it,  should  hare  been  told  the  age  was  to 
arrive  when  the  existence  of  Troy,  and  of  the  mighty  dead  ea. 
tombed  upon  its  plain,  would  be  considered  as  having  no  fonada. 
tion  in  truth. 

The  present  appearance  of  the  shrine,  and  of  a  small  circular 
superstruction,  do  not  seem  to  indicate  higher  antiquity  than  tlie 
age  of  the  Romans.  Some  have  believed,  from  the  disclosure  of 
the  shrine,  that  the  tomb  itself  was  opened ;  mistaking  it  for  i 
vault,  although  its  situation  near  the  summit  might  have  contro- 
verted the  opinion.  This  was  perhaps  constructed  when  AoguftiB 
restored  the  image  Anthony  had  taken  from  the  Aianteom.  A 
cement  was  certainly  employed  in  the  work;  and  the  remains  of 
it  to  this  day  offer  an  opportunity  of  confuting  every  prevailinf 
error  concerning  the  buildings  of  the  antients.  The  Grecb 
erected  many  of  their  most  stupendous  edifices  without  cementa- 
tion ;  hence  it  has  been  supposed  that  the  appearance  of  mortar 
in  a  building  precludes  its  claim  to  antiquity.  This  notion  is  hov* 
ever  set  aside  at  once  by  reference  to  the  pyramids  of  Egypt :  in 
building  these,  mortar  was  undoubtedly  used. 

The  view  here  afforded  of  the  Hellespont  and  the  Plain  of  Troj 
is  one  of  the  finest  the  country  affords.  Several  plants,  during 
the  season  of  our  visit,  were  blooming  upon  the  soil.  Upon  the 
tomb  Itself  we  noticed  the  silvery  mezereon,  the  poppy,  tht 
beardless  hypecoum,  and  the  field  star  of  Bethlehem. 
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From  the  Aianteiim  wi'  passed  over  a  heathy  rnuntry  to  Hal'il 
Elljr,  a  village  neur  the  Thyinbrius,  in  whoae  riciiiit}'  vt  hiul  been 
instracted  to  seek  Ihe  retnaini  nf  a  temple  once  sacred  to  the 
Thymbrean  Apollo.  Ttif  ruins  we  found  were  rather  the  remainR 
oF  ten  teoiples  ihali  of  one.  The  earth  to  a  yery  cunsiderable 
extent  was  covf  rrd  by  Eubierted  anil  broken  columns  of  marble 
granite,  ami  uC  every  order  in  architecture.  Doric,  Ionic,  and 
CorinlhJaD  capitals,  lay  dispersed  in  all  direclionn,  and  some  of 
these  were  of  great  beauly.  We  observed  a  Las-relicf  represenL 
ing  a  person  on  horseback  pursued  by  a  (ringed  Ggure;  also  a 
beautiful  representation,  sculptured  after  the  same  manner  of 
Ceres  in  her  car  drawn  by  two  scaly  serpents.  Of  three  inscrip. 
tions  which  I  copied  amonR  these  ruins,  the  first  was  engraven 
upon  the  shaft  of  a  marble  pillar.  This  we  removed,  and  brought 
to  England.  It  is  now  in  the  vestibule  of  the  public  library  at 
Cambridge  ;  and  caramemorBtes  the  public  services  of  a  phrontistea 
of  Drusua  Ctesar.  The  names  of  persons  belonging  to  Ihe  familr 
of  Germanicus  occur  frequently  among  inscriptions  found  in  and 
near  Troas.  Drucus,  the  son  of  Germantcus,  wr.i  himself  ap. 
pointed  to  a  governmeut  in  the  district.  Whatsoever  tends  in  any 
degree  to  illustrate  the  origin  of  the  ruins  in  which  it  was  discover, 
ed,  will  be  considered  Inlereatlng ;  although,  after  all,  we  must 
remain  in  a  state  of  the  greatest  uncertainty  with  regard  lo  the 
city  alluded  to  in  either  of  these  documents.  Possibly  it  may 
have  been  Scamandrla  ,  but  in  the  multitude  of  cities  beliingini;  to 
Troas,  a  mere  conjecture,  without  any  positive  evidence,  is  less 
pardonable  than  silence.  The  inscription,  offering  our  only  re- 
maining clue,  sets  forth  that  the  tribe  Attalis  commemorated  Sex. 
tua  Julius  Festus,  a  magistrate  nf  tiie  city,  and  prserecl  of  the  Flavian 
cohort,  who  had  b^ea  Gymnasiarch,  and  given  magnificently  and 
largely,  to  tiiu  senators  and  all  citizens,  oil  and  ointment  for  some 
public  festival. 

The  third  inscription  and  perhaps  the  most  important,  had  these 
remukable  words — 

'.  iLiEAvs  TO  TUEtn  countht'sood  msexs." 

If  this  had  been  found  by  a  late  respectable  and  learned  author, 
it  might  bare  confirmed  bim  in  the  notion  ttiat  the  Thymbrius  was 
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in  fact  the  Simois  as  he  beliered  ;  and  perhaps  have  suggesied,  ia 
the  present  name  of  the  place,  Haril  Hi,  (or,  as  1  have  written  it 
Hal'il  Kllj)  to  conform  to  the  mode  of  pronunciation,)  an  etymology 
from  A     ON. 

From  the  ruins  at  Hal'il  Eily,  we  proceeded  through  a  delight, 
ful  Talley,  full  of  vineyards,  and  almond- trees  io  full  bloom,  in- 
tending to  pass  the  night  at  the  village  of  Thymbreck.  We  found 
no  antiquities,  nor  did  we  hear  of  any  in  the  neighbourhood. 
The  next  day  returning  toward  Hal'il  £!ly,  we  left  it  npron  our 
right,  and  crossed  the  Thymbrins  by  a  ford.  In  summer  this  river 
becomes  almost  dry;  but  during  winter  it  often  presents  a  power, 
ful  torrent,  carrying  all  before  it.  Not  one  of  the  maps,  or  of  the 
works  yet  published  upon  Troas,  has  informed  us  of  its  termi. 
cation  :  according  to  some^  it  empties  itself  into  the  Mender  near 
its  embouchure ;  others  describe  it  as  forming  a  junction  near 
Tchiblack  ;  a  circumstance  of  considerable  importance  ;  for  if  this 
last  position  be  true,  the  ruins  at  Tchiblack  may  be  those  of  the 
Temple  of  the  Thymhraean  Apollo.  Strabo  expressly  states  the  si. 
tuation  of  the  temple  to  be  near  the  place  where  the  Thymbrios 
discharges  itself  into  the  Scamander.  After  we  had  passed  the 
ford,  we  ascended  a  ridge  of  hills,  and  found  the  remains  of  a  very 
ancient  paved  way.  We  then  came  io  the  town  or  village  of 
Tchiblack,  where  we  noticed  very  considerable  remains  of  ancient 
sculpture,  but  in  such  a  state  of  disorder  and  ruin,  that  no  precise 
description  of  them  can  be  given.  The  most  remarkable  are  upon 
the  top  of  a  hill  called  Beyan  Mezaley,  near  the  town,  in  the 
midst  of  a  beautiful  grove  of  oak  trees,  towards  the  village  of  Cal« 
lifat.  Here  the  ruins  of  a  Doric  Temple  of  white  marble  lay 
heaped  in  the  most  striking  mauner,  mixed  with  broken  st^lie, 
Cippi,  Sarcophagi,  cornices  and  capitals  of  very  enormous  size, 
entablatures,  and  pillars.  All  of  these  have  reference  to  soioe 
peculiar  sanctity  by  which  this  hill  was  anciently  characterized. 
It  is  of  a  conical  form,  and  stands  above  the  town  of  Tchiblack, 
appearing  as  large  as  the  Castle  Hill  at  Cambridge.  The  first  in- 
quiry that  suggests  itself,  in  a  view  of  this  extraordinary  scene,  na« 
tu rally  involves  the  original  cause  of  the  veneration  in  which  the 
place  was  anciently  held.  Does  it  denote  the  site  of  Pagus  I  lien. 
slum,  whose  inhabitants  believed  that  their  village  stood  on  the  site 
of  Ancient  Troy  ?  This  place  was  distant  thirty  stadia  from  the 
Kew  Ilium  of  Strabo  ;  and  the  distance  corresponds  with  the  rela. 
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tive  situation  of  this  Hill  and  Palaio-Callifat,  or  Old  Calllfat,  where 
New  Ilium  stood;  as  wiil  hereafter  be  proved.  Or  may  it  bc^ 
considered  the  eminence  described  by  Strabo  as  the  beautiful  Co- 
lone,  five  stadia  in  circumference,  near  which  Stmois  flowed ; 
and  Tch'iblack,  the  Pagus  liteusium?  It  was  rather  more  than  a 
mile  distant  from  the  fiilage  of  the  Ilieans,  and  stood  above  it ;  ex- 
actly as  this  hill  is  situated  with  regard  to  Tchiblack. 

It  will  now  be  curious  to  observe,  whether  an  inscription  we 
discovered  here  dot-s  not  connect  itself  with  these  inquiries.  It 
>vas  found  upon  the  fluted  marble  shaft  of  a  Doric  pillar  two  feet 
in  diameter  ;  so  constructed,  as  to  contain  a  Cippos,  or  inscribed 
slab,  opon  one  side  of  it. 

The  inscription  records  the  consecration  of  a  Stoa,  and  all  things 
belonging  to  it,  to  Tiberius  Claudius  Caesar  Germanicus,  the  em. 
peror,  and  to  Julia  Augusta  A^rippina,  his  wife,  and  their  chil- 
dren, and  to  Minerva  of  Ilium*  The  reason  why  the  emperor 
Claudius  and  his  children  were  honoured  by  the  liienses,  is  given 
by  Suetonius,  and  Tacitus.  Eckhel  mentions,  I  know  not  on 
what  authority,  a  fane  consecrated  to  the  Iliean  Minerva,  as  bar* 
ing  existed  in  the  P.igus  Iliensium,  which  Alexander  adorned  after 
his  victory  at  Granicus.  Arrian  states  merely  the  offerings  to 
Minerva  of  Ilium,  making  no  mention  of  the  fane  ;  but  Strabo, 
who  expressly  alludes  to  the  temple,  places  it  in  the  Ilienr.ian  city. 
But  whence  originated  the  sanctity  of  this  remarkable  spot,  still 
shaded  by  a  grove  of  venerable  oaks,  beneath  whose  branches  a 
moltitode  of  votive  offt-rings  yet  entirely  cover  the  summit  of  the 
hilll  An  inscription  commemorating  the  pions  tribute  of  a  people 
in  erecting  a  portico  to  the  family  of  Claudius  Caesar  and  the  Ilean 
Minerva,  can  only  be  referred  to  the  inhabitants  of  that  district 
of  Troas  who  were  styled  Iliences.  It  has  been  shewn  that  Clan, 
dins,  after  the  example  of  Alexander,  had  perpetually  exempted 
them  from  the  payment  of  any  tribute.  In  their  district  stood  the 
Pagus  Iliensium,  with  the  (Callicone)  beautiful  hill ;  and  nearly 
thirty  stadia  farther  towards  the  west,  reversing  the  order  of  the 
bearing  given  by  Strabo,  the  Hiliensinm  Civttas.  If  therefore  this 
hill,  so  pre.eminently  entitled  to  the  appellation  of  Callicolone, 
from  the  regularity  of  its  form,  and  the  groves  by  which  it  seems 
for  ages  to  have  been  adorned,  be  further  considered,  on  account 
of  its  antiquities,  an  indication  of  the  former  vicinity  of  the  Ilien* 
liaa  village,   it  should  follow^  that  observing  a  westward  course^ 
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the  distance  of  three  miles  and  three  quarters,  or  nearly  so,  would 
terminate  in  the  site  of  the  Iliensian  city  :  and  any  discotery 
ascertaining  either  of  these  places  would  infallibly  identify  the 
position  of  the  other.  This  line  of  direction  we  obserred  incur 
route,  advancini^  by  a  cross  road  into  the  Plain. 

There  were  other  inscriptions,  commemorating  the  good  oiilces 
of  Roman  emperors  ;  but  these  were  so  much  mutilated,  that  no 
decisive  information  could  be  obtained  from  them.  Upon  one  we 
read— 

*^  THE  ALEXANDRIAN  TRIBE  HONOUR  SEXTUS  JULIUS,  THE  MAGIS- 
TBATE  OF  THE  CITT,  PREFECT  OF  TUE  FLATIAN  COHORT/'  &C. 

Another,  inscribed  upon  the  cover  of  a  large  Sarcophagus,  men- 
tioned a  portico,  and  the  daughter  of  some  person  for  whom  both 
the  XTOA  and  the  DOPOD  bad  been  constructed. 

As  we  journied  from  this  place,  we  found,  in  a  corn  field  below 
the  hill,  a  large  block  of  inscribed  marble  ;  but  owing  to  the  man* 
ner  in  which  the  stone  was  concealed  by  the  soil,  as  well  as  the  ille- 
gibility of  the  inscription,  we  could  only  discern  the  following 
characterSi  in  which  the  name  of  Julius  again  occurs  : 

lOTAlOT 

APXON    

KO£MON 

sustaining  what  was  before  advanced  concerning  the  prevalence  of 
names  belonging  to  the  family  of  Germanicus,  or  of  persons  who 
iourished  about  his  time.  Upon  a  medil  of  Claudius,  described 
by  Vaillant,  belonging  to  Cotyaeium,  a  city  of  Phrygia,  bordering 
upon  Troas,  we  read  the  words  Eni  lOTAIOT  TlOT  KOTIAEXiN. 
We  proceeded  hence  toward<;  the  plain  ;  and  no  sooner  reached  it, 
than  a  tumulus  of  jery  remarkable  size  and  situation  drew  our  aU 
tention,  for  a  short  time,  from  the  main  object  of  our  pursuit. 

This  Tumulus,  of  a  high  conical  form  and  very  regular  struc- 
ture, stands  altogether  insulated.  Of  its  great  antiquity  no  doubt 
can  be  entertained  by  persons  accustomed  to  view  the  everlasting 
sepulchres  of  the  Antients*  On  the  southern  side  of  its  base  is  a 
long  natural  mound  of  lime^stone  :  this,  beginning  to  rise  close  to 
the  artificial  tumults,  extends  towards  the  village  of  CoUifat,  in  a 
direction  nearly  from  north  to  south  across  the  middle  of  the  plain* 
It  is  of  such  height,  that  an  army,  encamped  on  the  eastern  side  of 
ky  wonld  be  concealed  from  all  obsenration  of  persons  stationed 
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Upon  the  cobsI,  liy  the  mouth  of  the  Mender,  It  reachei  nearly 
to  a  tmall  and  alnmst  «lagDiin(  rirer,  hitherto  unnoticed,  cilled 
Callifat  Osroack,  or  Callifat  Water,  taking  its  name  frora  the  tU. 
lage  near  which  it  falls  into  the  MrndiT:  our  road  to  that  place 
aflrrwsrds  led  U3  along  the  top  of  the  mound.  Here  then  both 
art  and  nature  hare  combined  to  mark  the  plain  by  circumstances 
of  feature  and  association  nut  likily  to  occur  elsewhere  ;  although 
such  as  any  accurate  description  of  the  country  might  well  be  ex- 
|>ected  to  include  :  and  if  the  Poems  of  Homer,  with  reference  to 
the  Plain  of  Troy,  have  similarly  associated  an  artificial  tumulus 
and  a  natural  mound,  a  conclusion  seems  vrarranted,  that  these  are 
(he  vbjects  to  which  he  alludes.  This  appears  to  be  the  case  in 
the  accouat  he  has  giten  of  the  Tomb  of  Ilus  and  the  Mound  ot 
Ibe  Plain. 

Upon  the  surface  of  the  Tomb  itself,  in  scTeral  small  channels 
caused  by  rain,  we  found  frai>iDents  of  the  voset  of  Antient 
Greece.  I  know  not  any  other  cause  to  assign  for  tiieir  appearance, 
than  the  superstitious  veneration  paid  to  the  tombs  of  'I'roas  in  all 
the  ages  of  history,  until  the  introduction  of  Chriatlanlly.  Whe- 
ther they  be  considered  as  the  remains  of  olTerings  and  libalioni 
nade  by  Greeks  or  llomans,  they  are  indisputably  not  of  modirn 
origin.  The  antiquity  of  earthen-nare,  from  the  wheel  of  a  Gre. 
ciao  putter,  is  as  easily  cognizable  as  any  trork  left  for  modern 
obsignation  ;  and,  as  a  vestige  of  that  people,  denoting  the  sit* 
of  their  cities,  touns,  and  public  monuments,  may  be  deemed  per- 
haps equal  in  importance  to  meilais  and  inscriptions. 

From  this  tomb  we  rode  along  the  top  of  the  mound  of  the  plain, 
in  a  soulli-weslern  direction,  towards  Callifal-  After  viu  had 
proceeded  about  half  its  length,  its  inclination  br  came  southward. 
Having  attained  its  extremity  in  (hat  direction,  we  descended  into 
Ulc  plain,  when  our  guides  brought  us  to  the  nei^tern  side  of  it, 
near  its  southern  termination,  to  notice  a  tumulus,  less  consider, 
able  than  the  last  described,  about  three  hundred  paces  from  the 
mound,  almost  concealed  from  observation  by  being  coatiounlly 
overflowed,  upon  nhose  top  two  small  ouk  trees  were  then  grow- 
ing.  This  lutnulus  will  not  be  eanily  riisrerned  by  future  travel- 
lers, from  thi'  uniformity  of  its  appearance  at  a  distance  with  the 
rc^tof  the  vast  plain  in  which  it  is  situated,  being  either  covered 
with  corn,  or  furrowed  by  the  plough.  The  view  it  commands 
of  the  coast,  towards  the  mouth  of  the  Mender,  may  poisibly 
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title  it  to  their  subsequent  consideration,   with  reference  to  the 
sepulchre  of  Myrinua. 

We  now  proceeded  to  the  Califat  Osmack,  or  Califat  water,  a 
river  that  can  scarce  be  said  to  flow  towards  the  Mender;  yet  so 
deep,  that  we  were  conducted  to  a  ford  in  order   to   pass*     Hun. 
drods  of  tortoisps,  alarmed  at  our  approach,  were  tailing  from  its 
banks  into  the   water,   as    well  as  from  the  OTerhanging  branches 
and  thick  underwood,  among  which  these  animals,   of  all  others 
the  least  adapted  to  climb  trei  s,  had  singularly  obtained  a  footiog. 
M'ild-fowl  also  were  in  ^nat  abundance,  and  in  the  corn. land  par- 
tridges were  frequently  observed      1  have  no  hesitation  in  stating, 
that  I  conceive  this  river  to  be  the  Simois ;  nor  would  there  per* 
haps  remain  a  doubt  upon  the  subject,   if  it  were  not  for  the  pre. 
judice  excited  in  consequence  of  a  marvellous  error,  which  has 
prevailed  throughout  all  the  recent  discussion   concerning  Troas, 
with  regard  to  the  sources  of  the  Scamander.     Pope  seems  first  of 
all  to  have  fallen  into  the  notion  of  the  double  origin  of  that  river: 
since  his  time.  Wood,  Chevalier,  and  their  followers,   have  maim 
tained  that  the  Scamander  had  two  sources,  one  of  which  was  hot, 
and  the  other  cold.     The  whole  of  this  representation  has  beea 
founded  upon  a  misconstruction  of  the  word  HHPAI.     The  Sea. 
mander  has  therefore  been  described  as   having  its  rise  from  two 
sources  in  the  Plain,  near  the  Scxan  gate  of  the  city  ;  hence  all  the 
zeal  which  has  been  shewn  in  giving  to  the  springs  of  Bonarhashy 
the  name  of  those  sources,  although  they  are  many  in  namber, 
and  all  of  them  warm  springs,  as  will  hereafter  appear.     Having 
once  admitted  this  palpjble  delusion  concerning  the  sources  of  the 
Scamander,   notwithstanding  the  very  judicious  remonstrances  of 
Mr.  Bryant  upon  this  part  of  the  subject,    and  the  obvious  inte^ 
pretation  of  the  text  of  liomer,  the  wildest  theories  ensued.     AH 
attention  to  the  Plain  of  Troas  on  the  north-eastern  side  of  the 
Alender  was  abandoned  ;  nothing  was  talked  of  excepting  Bonar« 
bashy,  and  its  warm  fountains  ;  and  these  being  once  considered 
as  the  source  of  the  Scamander,  were  further  reconciled  with  Ho* 
mer's  description,  by  urging  the  absurdity  of  believing  Achilles  to 
have  pursued  Hector  on  the  heights  of  Ida,   when  the  chace  is  said 
to  have  happened  near  the  walls  of  Troy.     But  the  plain  matter  of 
fact  is,  that  Homer,  in  no  part  of  his  (K)cms,   has  stated  either  die 
temperature  of  the  Scamander  at  its  source,  or  its  double  origlii. 
In  no  part  of  bit  poems  is  there  any  thing  equivocal^  or  obscure, 


RDINS  OF  THE  PLAIN  OF  TKOV.  Sia 

concerning  tbe  place  whence  that  river  issues,  oi  the  nature  of  its 
torrent.  It  is  with  him,  Scamander,  flowing  froiD  Id'anjijvi;; 
MErAi:  nOTAMOS  BAQTilNHS,  the  great  *OTligiuou9 
river  ;  bearing  on  his  giildy  tide  ihe  body  of  Polydorus  lo  the 
sea ;  Ihe  angry  Scamander.  The  springs  hy  whi.li  Achillea 
porEues  Hector  were  two  fountains,  or  rirulets,  near  the  bed  of  the 
river,  aa  expressly  staled  by  the  Poet ;  but  they  had  no  connection 
wilfa  the  source  of  the  Scamander,  and  Iherrfore  the  rise  of  that 
river  in  Mount  Ida  causes  no  ohjection  to  Homer's  narrative.  The 
whole  country  abounds  both  with  hot  and  with  cold  springs;  so 
that  QRautharized  by  the  poet  to  afcend  tu  the  source  of  the  Sca- 
mander in  search  of  them,  we  may  rest  salinfied  with  their  posi. 
tion  elsewhere. 

Continuing  alonit  the  southern  side  of  Callifat  Water,  aflt^r  hav* 
ing  crossed  the  ford,  we  came  to  some  suins  upon  its  banks,  by 
which  the  ground  was  covered  to  a  considerable  extent.  These 
consisted  of  the  most  beautiful  Doric  pillars,  whose  capitals  and 
sfaafis,  of  the  finest  white  marble,  were  lying  in  the  utmost  disor- 
der. Among  them  we  also  noticed  iomc  entire  slialts  of  granite. 
The  temple  of  Jupiter  being  always  of  the  Doric  order,  we  might 
suppose  these  ruins  to  mark  the  site  of  a  fane  consecrated  to  IJean 
Jove;  but  Doric  was  evidently  the  prevailiug  order  among  the 
ancieol  edifices  of  the  Truas,  as  it  is  found  eiery  where  in  the 
district,  and  all  Ihe  temples  in  that  part  of  Phry;^ia  could  not 
have  been  consecrated  to  Ihe  same  deily.  The  ruins  by  the  Cal- 
lifat  Water  have  not  been  hitherto  remarked  by  any  traveller;  al- 
though Akerblad  ohiained,  and  published  in  a  very  inaccurate 
manner,  an  inscription  1  also  copied  tiiere.  It  is  a>i  old  as  the 
Archonship  of  Euclid.  Having  already  twice  before  published  it} 
both  in  the  account  of  Ihe  Greek  marbles  preserved  in  Ihe  Veiti. 
bule  of  the  Public  Library  at  Cambridge,  and  also  in  the  Appen. 
dix  to  the  Dissertation  on  the  Soros  of  Alexander,  the  iolroducliun 
of  the  original  legend  here  would  be  deemed  an  unnecessary  repe. 
tition.  It  was  inscribed  upon  the  lower  part  of  a  plain  marble 
pQlar :  this  we  removed  to  the  Dardanelles,  and  afterwards  sent  to 
England.  The  interpretation  sets  furtli,  that  those  partaking  of 
the  Hcnrice,  and  of  the  games,  and  of  the  whole  festival,  ho- 
noured Pytha,  daughter  to  Scamnndrotimus,  native  of  Ilium, 
wbo  performed  Ihe  oRice  of  Canepboros  in  an  exemplary  and  dts- 
lingnithed  manner,  for  her  pie ly  towards  the    i;oddes«.      In  ihe 
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conjecfare  already  oflfcred,  that  the  slrearo,  on  the  banks  of  which 
those  edifices  were  raised,  and  these  tows  oflered,  was  the  Siinois 
of  the  antients,  some  regard  was  necessarily  tnteuded,  both  to  the 
rains  here  situated,  and  the  inscription  to  which  reference  is  now 
made.  A  certain  degree  of  collateral,  althoogh  no  positite  eTi« 
dence,  may  possibly  result  from  the  bare  mention  of  places  and 
ceremonies,  connected  by  their  situation,  and  consecrated  by  their 
nature,  to  the  history  of  the  territory  where  Simo'is  flowed. 

Near  the  same  place,  upon  a  block  of  Parian  marble,  I  found 
another  inscription,  but  not  equally  perfect. 

We  afterwards  proceeded  to  the  Greek  Tillage  of  Callifat,  situ- 
ated near  the  spot  where  the  Callifat  Osroack  joins  the  Mender. 
In  the  streets  and  court  yards  of  this  place  were  lying  seTertI 
capitals  of  Corinthian  pillars ;  and  upon  a  broken  marble  tablet, 
placed  in  a  wall,  I  noticed  part  of  an  inscription  in  metre ;  the 
rest  having  perished. 

While  I  was  copying  it,  some  peasants  of  the  place  came  to  me 
with  Greek  medals.  They  were  all  of  copper,  in  high  preserra. 
tion,  and  all  medals  of  Ilium,  struck  in  the  time  of  the  Ronta 
emperors.  On  one  side  was  represented  the  figure  of  Hector  con* 
bating,  with  his  shield  and  spear,  and  the  words  EKTaPIAIEHN ; 
and  upon  the  other,  the  head  either  of  Antoninus^  Faas!ina,  Sere- 
rus,  or  some  later  Roman  emperor  or  empress.  As  there  were 
so  many  of  these  Iliean  medals,  I  asked  where  they  were  foand; 
and  was  answered,  in  modern  Greek,  at  Palalo  Callifat,  Old 
Callifat,  a  short  distance  from  the  present  Tillage  in  the  plain  to- 
wards the  east.  I  begged  to  be  conducted  thither ;  and  took  oae 
of  the  peasants  with  me  as  a  guide. 

We  came  to  an  elevated  spot  of  ground,  surrounded  oo  all 
sides  by  a  level  plain ,  watered  by  the  Callifat  Osmack,  and  whidi 
there  is  every  reason  to  belieTe  the  Simo'isian.  Here  we  fooiuli 
not  only  the  traces,  but  also  the  remains  of  an  antient  citadel 
The  Turks  were  then  employed  raising  enormous  blocks  of  marUe, 
from  the  foundations  surrounding  the  place  ;  possibly  the  ideotiol 
works  constructed  by  Lysimachus,  who  fenced  New  Ilinm  witka 
wall.  The  appearance  of  the  structure  exhibited  that  colossal  aad 
massive  style  of  architecture  which  bespeaks  the  masonry  of  tlie 
early  ages  of  Grecian  history.  All  the  territory  within  tlMie 
foundations  was  covered  by  broken  pottery,  whose  fragments  were 
parts  of  those  antient  yases  now  held  in  such  high  estinatioD.  Hcrt 
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fhe  peiiants  said  (hey  found  the  irpdalt  they  oBereJ  (o  us,  and  most 
ftvqucntly  afier  hravy  reins.  Maoy  had  been  discovered  in  coa- 
■equsnce  or  the  rectnl  excaTStions  TYiade  there  of  the  Turks,  who 
were  removing  the  materials  of  the  old  fouDdatiun^  Tur  the  purpose 
of  coQslructing  works  at  the  Dardanelles.  As  these  medals,  bear- 
ing iadls[iu(ahte  legends  to  designate  the  people  by  whom  they 
were  fBliricated.  hare  also,  in  the  circumstanos  uf  Ihrlr  discovery, 
a  peculiar  coniicclioa  with  the  ruins  here,  they  may  be  can^iitered 
u  indicating,  wilh  tolerable  cerlninty,  the  situatiun  of  the  city  to 
which  Ihey  belonged.  Had  we  observed,  in  our  route  froni  Tchi< 
black,  precisely  the  line  of  direction  mentioned  by  Strabo,  and 
rnntinued  a  due  course  from  east  lo  west,  instead  of  turning  to- 
wards the  south  in  the  Simoisian  Plain  to  visit  (he  vitla,:e  ofCal. 
lifat,  we  should  have  terminated  (he  ilisfancc  he  has  mi'ntioried, 
of  thirty  stadia,  (as  se{>arating  the  city  from  (he  village  of  the  lli> 
eniians)  by  the  discovery  of  these  ruins.  They  may  huve  been  (he 
■arae  which  KautTer  noticed  in  his  map,  by  the  (iile  of  Ville  de 
Coostantine  ;  but  evideiilly  appear  (o  be  the  remains  of  New  Hi. 
um  J  whether  we  regard  the  testimony  afforded  by  their  situation, 
as  accordant  wilh  the  text  of  Strabo  ;  or  the  discovery  (here  mada 
of  medals  of  the  city.  Once  in  possession  of  this  importantp  int 
■  light  breaks  in  upon  the  dark  labyrinth  of  Truas ;  we  stand 
with  Siraho  upon  the  very  spot  whence  he  deduced  his  observations 
concerning  other  objects  in  the  district;  looking  down  opoa  the 
Simu'i«ian  Plain,  and  viewing  the  junction  of  the  two  rivers  (one 
Hawing  towards  Sigeum,  and  the  other  towards  Rha-teum,  pre. 
cl'*ly  as  described  by  him)  in  front  of  the  lliensian  city  ;  being 
guided,  al  the  same  time,  to  Callii-olone,  the  village  of  th.-  Ilieans, 
end  the  sepulchres  of  vEiyeles,  Batieia,  and  Ilus,  by  ihs  clue  hn 
has  afforded.  From  (he  natoral  or  artificial  elevation  of  the 
territory  on  which  the  rKy  stood,  (nn  ini^nlaled  object  in  the  plain) 
«r«  beheld  almost  every  landmark  lo  whlrti  that  anthor  has  alluded. 
The  splended  spectacle  presented  tonards  the  wes(  by  the  snow, 
clad  top  of  Samothrace,  towerine  behind  Irabrus,  would  bntRe 
erery  altfmpt  of  delineation  :  it  rose  with  tn-1escribnble  gran- 
deur, to  a  height  beyond  all  I  had  seen  for  a  l'>ng  lime  ;  and  while 
lis  Ethereal  summit  shone  with  inronceivible  brightnes*  in  a  iky 
withoDl  a  cloud,  seemed,  notwithstanding  ill  remi>le  liluali 
its  TBstness  would  overwhelm  all  I'mai,  shuiild  an  earthqunkf 
it  from  its  bat*.  Ncarar  to  tht;  e^u  appeared  the  moutb  of  (b« 
Sn2 
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Hellespont^  and  Sigeuin.  On  the  south,  the  tomb  of  JEsjetty  bj 
the  road  leading  to  Alexandria  Troas  ;  and  less  remote,  the  Set- 
mander,  receifing  Simots  or  Callifat  water,  at  the  bomdarj  of 
the  Simo'isian  Plain.  Towards  the  east,  the  Throsmos,  with  the 
sepulchres  of  Batieia  and  Ilns :  and  far  bejond,  in  the  great  chain 
of  Ida,  Gargarus  opposed  to  Samothrace,  dignified  bj  equal  if 
not  superior  altitude,  and  beaming  the  same  degree  of  splendor 
from  the  snows  by  which  it  was  infested. 

[JDr.  Ciarke. 

SECTION  XlV^ 

Sculpture  and  Architecture  qf  Athens. 

In  the  year  1709,  when  lord  Elgin  was  appointed  his  m^eb 
ty*s  ambassador  extraordinary  to  the  Ottoman  Porte,  be  happened 
to  bein  habits  of  frequent  intercourse  with  Mr.  Harrison,  an  ar^ 
tect  of  great  eminence  in  the  west  of  England,  who  had  there  gifiv 
rarious  rery  splendid  proofs  of  his  professional  talents  especially  in 
a  public  building  of  Grecian  architecture  at  Chester.  Mr.  Hani* 
son  had  besides  studied  many  years,  and  to  great  purpose  at  Rone. 
Lord  Elgin  consulted  him,  therefore,  on  the  benefits  that  might  pos» 
sibly  be  derived  to  the  arts  in  this  country,  in  case  an  opportud^ 
could  be  found  for  studying  minutely  the  architectore  and  scalp* 
ture  of  ancient  Greece  ;  and  his  opinion  very  decidedly  wss,  that 
although  we  might  possess  exact  measurements  of  tlie  bafldiogs  at 
Athens,  yet  a  young  artist  could  never  form  to  himself  an  adeqatfts 
conception  of  their  minute  details,  combinations,  and  general  eCi 
fects,  without  having  before  htm  some  such  sensible  representatieB 
of  them  as  might  be  conveyed  by  casts.  This  advice,  wlddi  kid 
the  groundwork  of  lord  Elgin's  pursuits  in  Greece,  led  to  the  far- 
ther consideration,  that,  since  any  knowledge  which  was  possessed 
of  these  buildings  had  been  obtained  under  the  peculiar  disadvan- 
tages which  the  prejudices  and  jealousies  of  the  Turks  had  ever 
thrown  in  the  way  of  such  attempts,  any  favourable  circnmstancss 
which  lord  Elgin's  embassy  might  ofier  should  be  improved  fanda* 
mentally ;  and  not  only  modellers,  but  architects  and  drafbmeBi 
might  be  employed,  to  rescue  from  oblivion,  with  the  most  aeca- 
ratc  detail,  whatever  specimens  of  architectures  and  sculptures  la 
Greece  had  stiil  escaped  the  ravages  of  time,  and  tlie  barbarism  of 
conquerors. 
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On  tiiis  suggestion,  lord  Elgin  proposed  to  his  majesty's  go- 
vemmenl,  that  (hey  should  scud  out  t.iiglish  artists  of  known  enii- 
nence,  capable  of  collecting  this  inrormalion  in  the  most  perfect 
DinnDer;  but  the  prospect  appeared  of  too  doubtful  an  issue  for 
ministers  to  engage  in  lite  eipi^nce  attending  it.  Lurd  V^lgin  then 
cndravanred  to  engige  some  of  these  artists  at  his  own  charge  ;  but 
Um  talue  of  their  lime  w.is  far  beyond  his  means.  When,  lioweTer, 
he  reached  Sicily,  on  the  rccommenddtion  of^^ir  William  Hamilton, 
Ira  was  so  fortunate  as  to  prevail  on  Don  Tita  Lusieri,  one  of  thw 
beat  general  painters  in  Europe,  of  gnat  knowledge  in  the  arts, 
infinite  taste,  and  most  scrupniuusly  exact  in  copying  any  subject 
b«  is  to  represent,  to  undertake  the  execution  of  this  plan  ;  and 
Ifr.  HamiUun,  who  was  then  accompanying  lord  Elgin  to 
Constantinople,  immediately  went  with  Mr.  Losieri  to  Rome; 
where,  in  consequence  of  the  late  revolutions  in  Italy,  they  were 
coabled  to  engage  two  of  the  most  eminent  form.itori  to  make  tlie 
niKdrefonni  for  the  casts ;  Signior  Italestra,  the  first  architect  there, 
■long  with  Iitar,  a  young  man  ofgreat  talent,  to  undertake  the  ar. 
clut«ctnral  part  of  the  plan  ;  and  one  Theodore,  a  Culmouk,  who 
htd  distinguished  himself  during  screral  years  at  Home,  in  the  ca- 
pacity of  figure  painter. 

After  much  difficulty,  lord  Elgin  obtnioed  permission  from  the 
Turkish  government  to  establish  these  sis  artists  at  Athena ;  where 
Aey  prosecuted  the  business  of  their  several  depnrtments  during 
diree  years,  acting  on  one  general  system,  with  the  advantage  of 
mataal  control,  and  under  the  general  superintendancc  of  M-  Lu- 
timii.  They  at  length  completed  lord  Elgin's  plan  in  all  its  parts. 
'*  Accordingly,  every  monument,  of  which  there  are  any  re- 
■uuns  in  Athens,  has  been  thus  most  carefully  and  minutely  mea- 
SDr«d;  and,  from  the  rough  draughts  of  the  architects,  (all  of 
which  are  preserved,  finished  draw  in^s  have  been  made  of  the  plans, 
elevations,  and  details  of  the  most  remarkable  objects  ;  in  which 
th«  Calmouk  has  restored  and  inserted  all  the  sculpture,  with 
ciquisite  taste  and  ability.  He  has  beside  drawn,  with  astonishing 
accoracy  all  the  bas-reliefs  on  the  several  temples,  in  the  precise 
slatv  of  decay  and  mutilation  in  which  they  at  present  exist. 

Mostof  the  bas-reliefs,  and  nearly  all  the  characteristic  feature)  of 

architecture,    in   the  various  monuments   at   Athens,    have  been 

.Aonlded,  and  the  moulds  of  them  have  been  brought  to  London, 

Betides  the  architecture  and    sculpture  at  Atheni,  all  remaini 

2ti3 


550       SCULPTURE  AND  AIICUITECTURB  OF  ATBBllf. 

of  them  which  could  be  traced  throuj^h  seTeral  other  parts  of 
Greece,  have  l^en  measured  and  delineated,  with  the  most  Knu 
pulous  exactness,  by  the  second  architect,  Ittar. 

And  picturesque  yiews  of  Athens,  of  Conbtantinople,  of  tarioas 
parts  of  (jreece,  and  of  the  Islands  of  the  Archipelago,  tuiTe  beta 
executed  by  Don  Tita  LusierL 

111  the  prosecution  of  this  undertaking,  the  artists  bad  the 
mortification  of  witnessing  the  very  wilful  devastation,  to  which  all 
the  sculptur*",  and  even  the  architecture,  were  dailj  exposed,  oi 
the  part  of  the  Turks  and  travellers.  The  Ionic  Temple,  on  the 
Hyssus,  which,  in  Stuart's  time,  (about  the  year  1760,)  wuia 
tolerable  presenration,  had  so  completely  disappeared,  that  its  foon* 
dation  can  oo  Ion  er  be  ascertained.  Another  temple,  nearOlyiu 
pia,  had  shared  a  similar  fate,  within  the  recollectioo  of  man.  The 
Temple  of  Minerva  had  been  converted  into  a  powder  magazine, 
and  beet  completely  destroyed,  from  a  shell  falling  upon  it,  dor- 
ing  the  bombardment  of  Athens  by  the  Venetians  towards  the  eod 
of  the  seventeenth  century ;  and  even  this  accident  had  not  deterrpd 
the  Turks  from  applying  the  beautiful  Temple  of  Neptooe  and 
Erectheus  to  the  same  use,  whereby  it  is  constantly  exposed  tot 
similar  fate.  Many  of  the  statues  on  the  posticum  of  the  tenple 
of  Minerva,  (Parthenon,)  which  had  Ven  thrown  down  by  tke 
explosion,  had  been  absolutely  pounded  for  mortar^  bocause  thej 
furnished  the  whitest  marble  within  reach  ;  and  the  parts  of  tbe 
modem  fortification,  and  the  miserable  houses  where  this  mortar 
was  so  applied,  were  distovered.  Besides,  it  is  well  known  that 
the  Turks  will  frequently  climb  up  the  ruined  walls,  andamase 
themselves  in  defacing  any  sculpture  they  can  reach  ;  or  in  break- 
ing columns,  statues,  or  other  remains  of  antiqoitj,  in  the  iisod 
expectation  of  finding  within  them  some  hidden  treasorea. 

Under  these  circumstances,  lord  £lgin  felt  himself  imptUed, 
bj  a  stronger  motive  than  persohal  gratification,  to  endcaToor  to 
preserve  any  specimens  of  sculpture  he  could,  withoat  injary, 
rescue  from  such  impending  ruin.  He  had,  besides,  another  is- 
ducement,  and  an  example  before  him,  in  the  conduct  of  the  last 
French  embassy  sent  to  Turkey  before  the  revolution.  French 
artists  did  then  remove  sereral  of  the  sculptured  ornaments  froa 
several  edifices  in  the  Acropolis,  and  particularly  from  the  PsrtkN 
non.  In  lowering  one  of  the  metopes,  the  tackle  fiuled,  and  it  vai 
dashed  to  pieces ;  but  other  otjects  from*  the  same  temple  wen 
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eoiif  ejrcd  to  France,  where  they  are  held  id  the  rety  highest  esti> 
malion,  andsomeof  th«iD  occupy  cunspicuous  places  in  the  gallery 
of  the  Louvre.  And  the  sanio  agents  were  remaining  at  Athens 
during  lord  Hlgin's  embaisy,  waiting  only  the  return  of  French  ia> 
fiuence  at  the  Forte  to  renew  their  operatious.  Acluated  by  these 
iuducemenls,  lord  I'ilgin  made  use  of  all  his  means,  and  uUimatelj' 
wilk  such  success,  thut  he  had  brought  to  EngUnd,  from  the  ruin. 
ed  temples  at  Athens,  from  the  modern  walls  and  foiiiGcations,  in 
which  many  fragments  had  been  used  as  so  many  blocks  of  stone, 
and  from  cxcaTations  made  on  purpose,  a  greater  quantity  of  ori. 
ginal  Athenian  sculpture,  in  statues,  atti  and  bossi  relieri,  capitals, 
cornices,  frizes,  and  columns,  than  exists  in  any  other  part  of 
Europe. 

Lord  Elgin  Is  in  possession  of  sereral  of  (he  original  metopes 
from  the  Temple  of  Minerra.  These  represent  the  battles  be- 
tween (he  Ceotaurs  and  Laplths,  at  the  nuptials  of  Firithous. — 
Each  raetope  contains  two  figures,  grouped  in  various  attitudes; 
■oroetimes  the  Laplthie  victorious,  sometimes  the  Centaurs.  The 
figure  of  one  of  the  Lapilhx,  who  is  lying  dead  and  trampled  on  by 
«  Centaur,  is  one  of  the  finest  productions  of  the  art ;  as  well  ai 
the  groupe  adjoining  to  it,  of  Hyppodamia,  the  bride,  carried  off 
by  the  Ctnlaur  Eutyfion  ;  the  furious  style  of  whose  galloping  in 
order  to  secure  his  prize,  and  his  shrinking  from  the  spear  that 
has  been  hurled  after  him,  arc  expressed  with  prodigious  animation. 
They  are  all  in  such  high  relief,  as  to  seem  groups  of  statues ;  and 
they  ire  id  general  finished  with  as  much  attention  behlod  as  be- 
fore. They  were  originally  continued  round  the  entablature  of 
the  Parthenou,  and  formed  ninely.two  groups.  The  zeal  of  the 
early  Christians,  the  barbarism  of  the  Turks,  and  the  explosion) 
which  look  place  when  the  temple  was  used  as  a  gun.powder  ma. 
gaiine,  hate  demolished  a  very  large  portion  of  ihem ;  so  that,  with 
the  exception  of  those  preserved  by  lord  Elgin,  it  is  in  general  dif- 
ficult to  trace  even  the  outlines  of  the  original  subject. 

The  frize,  which  was  carried  along  the  top  of  tlie  walls  of  the 
cell,  offered  a  continuation  of  sculptures  in  low  relief,  and  of  (he 
most  interesting  kind.  This  friie  being  unbrokea  by  Iriglyphs, 
kad  presented  much  more  unity  of  tuhject  than  the  delached  and 
the  insulated  groups  on  the  metropes  of  the  peristyle.  It  repre- 
MDted  the  whole  of  the  solemn  proce^aiou  to  the  Temple  of  Mi> 
BCrva  during  the  I'anathenaic  festival :  many  of  the  ligures  are  on 
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horseback;  others  are  about  to  mount:  some  are  in  charioti; 
others  on  foot :  oxen,  and  other  Tictims  are  leading  to  sacrifice : 
the  njmphs  called  Canephorae,  Skiophorc,  &c.  carrying  the  sa- 
cred offerings  in  baskets  and  Tases  ;  priests,  magistrates^  warriorSi 
&c.  &c.  forming  altogether  a  series  of  most  interesting  figures,  ia 
great  rariety  of  costume,  armour,  and  attitude.  Some  antiquaries, 
who  hare  examined  this  frize  with  minute  attention,  seem  to  think 
it  contained  portraits  of  many  of  the  leading  characters  of  Athens, 
during  the  Peloponnesian  war,  particularly  the  Pericles,  Phidias, 
Socrates,  Alcibiades,  &c.  The  whole  friie,  which  originally  was 
six  hundred  feet  in  length,  is,  like  the  temple  itself,  of  pentdic 
marble,  from  the  quarries  in  the  neighbourhood  of  Athens. 

The  tympanum  orer  each  of  the  porticoes  of  the  Farthenon, 
was  adorned  with  statues.  That  over  the  grand  entrance  of  the 
temple  from  the  west,  containing  the  mythological  history  of  Miner- 
va's birth  from  the  brain  of  Jore.  In  the  centre  of  Che  group  was 
seated  Jupiter,  in  all  the  majesty  of  the  soTereign  of  the  gods. 
On  his  left,  were  the  principal  difinities  of  Olympns  ;  among 
whom  Vulcan  came  prominently  forward,  with  the  axe  in  liis  hand 
which  had  cleft  a  passage  for  the  goddess.  On  the  right  was  Victo- 
ry, in  loose  floating  robes,  holding  the  horses  of  the  chariot  wiiidi 
introduced  the  new  dirinity  to  Olympus.  One  of  the  bombs  fired 
by  Morslni,  the  Venetian,  from  the  opposite  hill  of  the  Mnsema, 
injured  many  of  ihe  figures  in  this  tympanum  ;  and  the  attempt  of 
General  Rocnigsmark,  in  1687,  to  take  down  thefignre  of  Miner- 
Ta,  ruined  the  whole.  By  purchasing  the  house  of  one  of  the 
Turkish  janisaries,  built  immediately  under  and  against  the  eo* 
Inmns  of  the  portico,  and  by  demolishing  it  in  order  tp  ezcaratei 
lord  Elgin  has  had  the  satisfaction  of  recofering  the  greatest  part 
of  the  statue  of  Victory,  in  a  drapery  which  discoTers  the  fine  form 
of  the  figure,  with  exquisite  delicacy  and  taste.  Lord  Elgin  also 
found  there  the  torsi  of  Jupiter  and  Vulcan,  the  breast  of  the  fili- 
nerva,  together  with  other  fragments. 

On  the  opposite  tympanum  had  been  represented  the  contest 
between  Minerva  and  Neptune  for  the  honour  of  giving  ^,  name  to 
the  city.  One  or  two  of  the  figures  remained  on  this  tympanum, 
and  others  were  on  the  top  of  the  wall,  thrown  back  by  the  explo- 
sion which  destroyed  the  temple ;  but  the  far  greater  part  had 
fallen  :  and  a  house  being  built  immediately  below  the  space  they 
had  occupied,  lord  Elgin,  encoaraged  by  the  succession  pCUsliKf 
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mer  eicBTations,  obtained  Icare,  afler  much  difGcully,  to  pntl 
donii  this  house  abo,  and  conlinue  his  researcbes.  Bm  no  tng. 
ments  were  here  discoTered  ;  and  the  Turk,  who  had  been  induced, 
thvugh  moat  reluclaiitlj ,  to  itive  up  his  house  lu  be  demolished, 
then  exullingly  puiiUed  out  ilie  places  in  the  modern  fortification, 
and  in  his  own  buildings,  Hher(>  the  cement  empioj'ed  had  been 
formed  fram  the  very  statues  which  lord  Elgin  had  b<-en  in  hopes 
of  finding.  And  it  wa^  after  wards  ascertained,  on  iiicoutroTerltble 
evidence,  that  these  statues  had  been  reduced  to  powder,  ind  so 
sscd.  Then,  and  then  oulv,  did  lurd  Elgin  employ  means  to  res- 
cue what  ttill  remained  frum  a  similar  fate.  Among  these  objects 
b  a  horse's  head,  which  far  surpasses  any  thing  of  the  kind,  both 
in  the  truth  and  spirit  of  the  execution.  The  nostrils  are  dis> 
tended,  the  ears  erect ;  thu  veins  swollen,  one  might  almost  say 
Ikiobbing  :  his  mouth  is  open,  and  he  seems  to  neigh  with  the  con- 
scious pride  of  belonging  to  the  ruler  of  the  waret.  Besides  this 
inimitable  head,  lord  Elgin  hs?  procured,  from  the  same  pediment, 
Iwo  coloCial  groups,  each  con=iistinn  of  two  female  fiijures.  They 
ar«  funned  of  single  massive  bloL'ta  of  PenCelic  marble  :  their  atti. 
tndes  are  most  graceful ;  and  tht  lightness  and  elegance  of  the  drB> 
peiy  exquisite.  From  the  same  pediment  has  also  been  procured 
a  male  staiue  in  a  reclining  posture,  supputed  to  represent  Nep- 
tune. And,  above  all,  the  iigare  denominated  the  Theseus,  which 
it  DniTerially  admitted  to  be  superior  to  any  piece  of  statuary  ever 
brought  into  England.  Each  of  thtse  etatues  is  worked  with  such 
aire,  and  the  finishing  even  carried  bo  far,  that  every  part,  and 
the  Tery  plinth  itself  in  which  they  rest,  are  equally  polished  on 
CT«ry  side. 

From  the  Opisthodomos  of  the  Parthenon,  lord  Elgin  also 
procured  some  valuable  inscriptions,  written  in  the  manner  called 
Kionedon  or  Columnar,  next  in  antiquity  to  the  Boustrophedon. 
The  greatest  care  is  taken  to  preserve  an  equal  number  of  letters  in 
each  line  ;  even  monosyllables  are  separated  orca:iioDally  into  two 
parts,  if  the  line  has  had  its  complem.nl,  and  the  next  line  then 
begins  with  the  end  of  the  broken  word.  The  letttrs  range  per. 
pendiculnrly,  as  well  as  horizontally,  so  as  to  render  it  almost  im- 
possible to  make  any  ioterpolatioQ  or  erasure  of  the  original  text. 
Thesubject  of  these  monuments  are  public  decrees  of  the  people  ; 
accounts  of  the  riches  contained  in  the  treasury,  and  delivered  by 
the  administrators  to  their  successors  in  office ;  enumerations  of 
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the  s<ataes  ;  thn  silTcr,  gold,  and  precious  stones,  deposited  ia  tke 
temples ;  estimates  for  the  public  works,  &c. 

The  Parthenon  itself,  independently  of  its  deconUiTe  scalptnre, 
is  so  chaste  and  perfect  a  model  of  Doric  architecture,  lord  Elgin 
conceived  it  to  be  of  the  highest  importance  to  the  arts,  to  secure 
original  specimens  of  each  member  of  that  edifice.  These  consist 
of  a  capital ;  assizes  of  the  columns  themselves,  to  shew  the  exact 
form  of  the  curve  used  in  channelling  ;  a  triglyph,  and  motules 
from  the  cornice,  and  even  some  of  the  marble  tiles  with  which  the 
ambulatory  was  roofed :  so  that,  not  only  the  sculptor  may  begra. 
tified  by  studying  every  specimen  of  his  art,  from  the  colossal  sta- 
tue  to  the  basso.relieTO,  executed  in  the  golden  age  of  Pericles, 
by  Phidias  himself,  or  under  his  immediate  direction ;  but  the 
practical  architect  may  examine  into  every  detail  of  the  building, 
even  to  the  mode  of  unituig  the  tambours  of  the  columns,  withoot 
the  aid  of  mortar,  so  as  to  give  to  the  shafts  the  appearance  of  sio. 
gle  blocks. 

Equal  attention  has  been  paid  to  the  Temple  of  Theseas ;  bntai 
the  walls,  and  columns,  and  sculpture  of  this  monument,  are  in 
their  original  position,  no  part  of  the  sculpture  has  been  displaced, 
nor  the  minutest  fragment  of  any  kind  separated  from  the  building. 
The  metopes  in  mezio-relievo,  containing  a  mixture  of  the  laboors 
of  Hercules  and  Theseus,  have  been  modelled  and  drawn,  as  well 
as  the  frize  representing  the  battle  between  the  Centaur  and  Lap!- 
thsB,  some  incidents  of  the  battle  of  Marathon,  and  some  mytholo* 
gical  subjects.  The  temple  itself  is  very  inferior  in  siae  and  deco- 
rative sculpture  to  the  Parthenon  ;  having  been- built  bj  Cimoo, 
the  son  of  Miltiades,  before  Pericles  had  given  to  his  countrymen 
a  taste  for  such  magnificence  and  expense^  as  he  displayed  en  the 
edifices  of  the  Acropolis. 

The  original  approach  to  the  Acropolis,  from  the  plain  of 
Athens,  was  by  a  long  flight  of  steps,  commenced  near  the  foot  of 
the  Areopagus,  and  terminating  at  the  Propylaea.  The  Propylaea 
was  a  hexastyle  colonnade,  with  two  wings,  and  sunnoanted  by  s 
pediment.  Whether  the  metopes  and  tympanum  were  adorned 
with  sculpture,  cannot  now  be  ascertained ;  as  the  pediment  and 
entablature  have  been  destroyed,  and  the  intercolumniations  bailt 
up  with  rubbish,  in  order  to  raise  a  battery  of  cannon  on  the  top. 
Although  the  plan  of  this  edifice  contains  some  deviations  from  the 
pure  tase  that  reigns  in  the  other  structures  of  the  Adropoib,  yet 
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eicb  member  is  so  perfect  In  (be  details  of  its  execution,  tliat  lord 
Elgin  was  at  ^reat  pains  to  obiain  a  Doric  antl  an  ionic  capital 
from  lis  rtiini.  On  the  ri^lit  hand  of  the  Propyleca,  was  a  temple 
dedicate  to  fictorj'  without  win^jS  ;  an  rpilhel  to  wiiich  many  ex- 
plaoallons  hate  been  glTm.  This  temple  was  built  from  tht  sale  of 
the  spoils  nan  in  iLe  glorious  struggle!)  fof  freedum  at  Marollion, 
Salamis,  and  Piala-a.  On  its  frize  were  sculptured  oinnir  inciiltiils 
of  these  memorable  battles  ;  in  a  *y\e  lliat  bus  bren  thought  by  no 
tDFKDS  inferior  to  tlie  metopes  of  the  Parthenon.  The  unl^  1f^» 
menls  of  it  that  had  escaped  the  ravages  of  barbarians,  were  built 
into  liie  wall  of  a  gun. powder  magazine  near  it,  and  the  finest  block 
WHS  inserted  upside  downwards.  Jl  reqaired  the  whole  of  lord 
Elgin's  influence  at  the  I'orle,  tery  great  sacrifices,  and  much  per. 
s«teraiica  to  remove  them  ;  but  he  at  leugth  succeeded,  Tlipy  re- 
present the  Alhentans  in  elose  combat  Milh  the  Persians,  and  the 
t-cniplor  has  marked  llie  diflen  nt  dressei  and  armour  of  the  vari- 
ous forces  serving  under  the  gTfCtt  king.  The  long  garments  and 
Eones  of  the  Persians,  h:id  induced  former  Iratelli  rs,  from  the 
hasly  and  imperfect  view  lh<y  had  of  them,  to  suppose  the  subject 
was  the  battle  bi-iwten  Theseus  and  the  Amazons,  who  invaded 
Attica,  under  the  command  of  Anliupe;  but  the  Persian  tiares, 
the  Phrygian  bonnets,  and  many  other  particulars,  prove  them  to 
be  mistaken.  The  spirit  with  which  ilie  groups  of  cumbalants  are 
portrayed,  is  wonderful : — one  remarks,  in  pnrlicular,  the  contest 
of  four  warriors  to  rescue  the  dead  body  of  one  of  their  comrades, 
,  which  is  expressed  with  uncommon  animation,  Tiiese  bas.reliefs, 
end  some  uf  the  most  valuable  sculpture,  especially  the  representa. 
.  tioa  of  *  marriage,  taken  from  the  parapet  of  the  modern  fortifica. 
tion,  were  embarked  in  the  Mentor,  a  vessel  belonging  to  lord 
Elgin,  which  was  unfortunately  wrecked  olT  the  island  of  Cerigo  : 
btit  Mr.  Ilamillon,  who  uas  at  the  time  on  boar'S  and  most  provi- 
dentially saved,  immediately  directed  his  whole  eiierg'ea  to  disco- 
ver fome  means  of  rescuing  so  valuable  a  cargo ;  and,  in  the  course 
of  several  months  directed  to  that  i  ndeavour,  he  succeeded  in  pro. 
curing  some  very  expert  divers  from  the  islands  of  Syme  and  Calym- 
no,  nearUhodes;  who  were  able,  with  immenie  labour  and  per. 
I  severance,  to  extricate  a  f«w  of  the  cases  from  the  hold  of  the  ship, 
■,,  while  she  lay  in  twelve  fathoms  water.  It  was  impossible  to  recover 
I  the  rrmainder,  before  the  storms  of  two  winters  btd  effectually 
I      destroyed  the  timbers  of  the  vessel. 
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Near  tbe  Parthenoo  are  three  temples,  so  connected  bj  tiieir 
structure,  and  by  the  rites  which  were  celebrated  in  them,  that 
they  might  be  almost  considered  as  a  treple  temple.  They  are  of 
small  dimensions,  and  of  the  Ionic  order  :  one  of  them  dedicated 
to  Neptone  and  Erecteus  ;  the  second  to  Minerra  Polias,  the  pro. 
tectress  of  citadels  ;  the  third  to  the  nymph  Pandrosos.  It  was  on 
the  spot  where  these  temples  stand,  that  Minenra  and  Neptune 
were  said  to  ha?e  contended  for  tbe  honour  of  naming  the  city. 
Athenian  superstition  long  shewed  the  mark  of  Neptune's  trident, 
and  a  briny  fountain,  which  attested  his  ha?ing  there  opened  a  pas- 
sage for  his  horse ;  and  the  original  oli?e  tree  produced  by  Minenra 
was  Tenerated  in  the  temple  of  Pandrosos,  as  late  as  the  time  of 
the  Antonines. 

This  temple  of  Minerra  Polias  is  of  the  most  delicate  and  ele- 
gant proportions  of  the  Ionic  order  :  the  capitals  and  bases  of  tbe 
columns  are  ornamented  with  consummate  taste ;  and  the  sculpture 
of  the  frize  and  cornice  is  exquisitely  rich.     It  is  difficult  to  con- 
cei?e  how  marble  has  been  wrought  to  such  a  depth,  and  brought 
to  so  sharp  an  edge :  the  palmetti,  o?etti,  8cc.  have  all  the  delicacy 
of  works  in  metal.     The  yestibule  of  the  temple  of  Neptune,  u  of 
more  masculine  proportions  ;   but  its  Ionic  capitals  haTe  great 
merit.     This  beautiful  vestibule  is  now  used  as  a  powder  maga«> 
sine ;   and  no  other  access  to  it  could  be  had  but  by  creefHog 
through  an  opening  in  a  wall  which  had  been  recently  builc  between 
the  columns.     Lord  Elgin  was  enabled  to  keep  it  open  durmg  his 
operations  within  ;  but  it  was  then  closed,  so  that  future  travellers 
will  be  prevented  from  seeing  the  inner  door  of  the  temple,  which 
is,  perhaps,  the  most  perfect  specimen  in  existence  of  Ionic  archi- 
tecture.  Both  these  temples  have  been  measured  ;  and  their  plans, 
elevations  and  views,  made  with  the  utmost  accuracy. — Ail  the 
ornaments  have  been  moulded ;  some  original  blocks  of  the  frixe 
and  cornice  have  been  obtained  from  the  ruins,  as  well  as  a  capital 
and  a  base. 

The  little  adjoining  chapel  of  Pandrosos  is  a  most  singular  specu 
men  of  Athenian  architecture  :  instead  of  Ionic  columns  to  sup- 
port the  architrave,  it  had  seven  statues  of  Caryan  women,  or  Ca. 
ryatides.  The  Athenians  endeavoured,  by  this  device,  to  perpe. 
tuate  the  infancy  of  the  inhabitants  of  Carya,  who  were  the  only 
Peloponnesians  who  sided  with  Xerxes  in  his  invasion  of  Greece. 
The  men  had  been  reduced  to  the  deplorable  state  <rf  flelotcs ; 
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IDd  the  women  not  only  condemned  to  the  most  servile  employ. 
mtuU,  but  those  of  rank  and  family  forced  in  this  abject  condition, 
to  wear  their  ancient  dresses  and  ornaments.  In  titis  state  they 
■re  here  exhibited.  The  drapery  is  fine,  the  air  of  each  figure  is 
braided  in  a  diflerent  manner,  and  a  kind  of  diadem  ihey  wear  on 
their  head  forms  the  capita).  Besides  drawings  and  mouldings  of 
all  these  particulars,  Lord  Eigia  ha»  brought  to  England  one  of 
the  original  alalues.  The  Lacedxmonians  had  used  a  species  of 
T^ngeanre  similar  to  that  above  mentioned  in  caostrncting  the  Per- 
sian Portico,  which  they  had  erected  at  Sparta,  in  honour  of  their 
victory  over  the  forcri  of  Mardunius  at  Plalxa  :  placing  statues  of 
Persians  in  their  rich  oriental  dretses,  iustead  of  columns,  to  sup- 
port the  entablature. 

The  architects  have  also  made  a  ground  plan  of  the  Acropoth,  in 
which  they  hare  not  only  inserted  all  the  existing  monuments,  but 
hare  likewise  added  those,  the  position  of  which  could  ba  ascer. 
tained  Trom  traces  of  their  foundations.  Among  these  are  the  tem- 
ple and  caTe  of  Pan  ;  lo  whom  the  Athenians  thought  themselves 
fo  much  indebted  for  Ihe  success  of  the  battle  of  Marathon,  as  to 
»ow  him  a  temple.  All  traces  of  it  are  now  nearly  obliterated  ; 
u  well  as  of  that  of  Aglauros,  who  devoted  herself  to  death  to  save 
her  country.  Here  the  ynung  citizens  of  Athens  received  their 
first  armour,  enrolled  their  names,  and  swore  to  fight  to  the  last 
for  the  liberties  of  their  country.  Near  this  spot  the  Persians 
•caled  the  wall  of  the  citadel,  when  Themistocles  had  retired  with 
the  remainder  of  the  army,  and  the  whole  Athenian  navy,  to 
Salamis. 

The  remains  of  the  original  wall  may  still  be  traced  in  the  midst 
of  the  Turkish  and  Venetian  additions,  and  they  are  distinguishable 
by  three  modes  of  construction  at  v«ry  remarkable  epochs, — the 
Felasgic,  the  Cecropian,  and  that  of  IhengeofCimon  and  Pericles: 
It  was  at  this  last  brilliant  period,  that  the  Acropolis,  in  its  whola 
extent,  was  contemplated  with  the  same  veneration  as  a  consecrated 
temple;  consistent  with  which  sublime  conception,  the  Athenians 
crowned  its  lofty  walls  with  an  entablature  of  grand  proportions 
■urmounted  by  a  cornice.  Some  of  the  mas=y  triglyphs  and  mo. 
tales  still  remain  in  their  original  position,  and  producing  a  most 
imposing  effect. 

The  ancient  walls  of  the  city  of  Athens,  as  th^y  existed  in  th«  '• 

^  M 
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their  wbole  extent,  as  well  as  the  lon^  walls  that  led  Co  the  Many- 
chia  and  (he  Pirceas.  The  gates  mentioned  in  ancient  aathort, 
hare  been  ascertained :  and  every  public  monument,  that  could  be 
recognised,  has  been  inserted  in  a  general  map  ;  as  well  as  detailed 
plans  given  of  each.  Extensife  excaTutions  were  necessary  for  this 
purpose,  partichlarly  at  the  Great  Theatre  of  Bacchos ;  at  the 
Pnyx,  where  the  assemblies  of  the  people  were  held,  where  Pericles 
Alcibiades,  Demosthenes,  and  i^schines,  deliTered  their  orations, 
and  at  the  theatre  built  by  Herodes  Attlcus,  to  the  memory  of  his 
wife  Regilla.  The  supposed  Tumuli  of  Antiope,  Euripides,  and 
others,  hare  also  been  opened  ;  and  from  these  excaTations,  aad 
various  others  in  the  en?irons  of  Athens,  has  been  procured  a  com- 
plete and  valuable  collection  of  Greek  rases.  The  colonies  sent 
from  Athens,  Corinth,  &c.  into  Magna  Grecia,  Sicily  and  Ktrnria, 
carried  with  them  this  art  of  making  vases,  from  their  motiier 
country ;  and,  as  the  earliest  modem  collection  of  vases  were  made 
in  those  colonies,  they  have  improperly  acquired  the  name  of 
Etruscan.  Those  found  by  Lord  Elgin  at  Athens,  ^gtnae,  Argoi, 
and  Corinth,  will  prove  the  indubitable  claim  of  the  Greeks  to  the 
invention  and  perfection  of  this  art.  Few  of  those  in  the  collec. 
tions  of  the  King  of  Naples  at  Portici,  or  in  that  of  Sir  WiUiam 
Hamilton,  excel  some  which  Lord  Elgin  has  procured,  with  respect 
to  the  elegance  of  the  form,  the  fineness  of  the  materials,  the  delt. 
cacy  of  the  execution,  or  the  beauty  of  the  subjects  delineated  on 
them  ;  and  they  are,  for  the  most  part,  in  very  high  preservatioo. 
A  tumulus,  into  which  an  excavation  was  commenced  under  Lord 
Elgin's  eye  4uxJng  his  residence  at  Athens,  has  furnished  a  most 
valuable  treasure  of  this  kind.  It  consists  of  a  large  marble  vase 
five  feet  in  circumference,  enclosing  one  of  bronse  thirteen  inches 
in  diameior,  of  beautiful  sculpture,  in  which  was  a  deposit  of  bamt 
bones,  and  a  lachrymatory  of  alabaster,  of  exquisite  form  ;  and  on 
the  bones  lay  a  wreath  of  myrtle  in  gold,  having,  besides  leaTes,  both 
buds  and  flowers,  This  tumulus  is  situated  on  the  road  whSdi 
leads  from  Port  Piroens  to  the  Salami nian  Ferry  and  Eleasis. 
May  it  not  be  the  tomb  of  Aspasia  ? 

From  the  Theatre  of  Bacchus,  Lord  Elgin  has  obtained  the  reiy 
ancient  sun.dial,  which  existed  there  during  the  time  of  ^scbyloi, 
Sophocles,  and  Euripides  ;  and  a  large  statue  of  the  Indian,  or 
bearded  Bacchus,  dedicated  by  Thrasyllus  in  gratltade  for  his 
having  obtained  the  prize  of  tragedy  at  the  Finathedac  feslhal. 
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A  bpaiitiful  little  temple  near  i(,  raised  Tnr  a  similar  prize  gaiDed 
hy  Lyaicrales,  and  commonly  called  the  Lantern  at  Demasllicnes, 
hoiiaUo  been  drawn  and  moddled  with  minute  attention.  It  is  one 
of  (he  mu»t  exquisite  productions  of  Greek  architecture.  The  de- 
lation, ground- pi  An,  and  other  details  of  (he  octagonal  temple, 
raised  hy  A  ndronitu;  Cyrrliestes  to  the  winds,  hare  also  been  exe- 
cuted ttibli  rare  ;  but  the  sculpture  on  its  frize  is  in  s-o  heaiy  a  style 
that  it  was  not  judged  worthy  of  being  modelled  in  plaister. 

Permission  was  oblnined  from  (he  arrbbishop  of  Athens,  to  ei. 
uninethf^interiorof  iilllhechurrhes  and  conTenls  in  Athens  and  itt 
neigh Iwurhood,  in  search  of  antiqnities  ;  and  his  aulhoriCy  was  fre- 
quently employed,  to  permit  Lord  Elgin  to  carry  away  gererai 
carious  friRments  of  anliqaily.  This  search  furnished  many  valu. 
able  bas-reUefs,  in^rriptians,  ancient  dials,  a  Gymnasiarch's  chair 
In  marble,  on  Ihe  back  of  which  are  figares  of  Ilarmodius  and  Aris> 
(Ojtiton,  with  daggers  in  their  hands,  and  the  death  of  Lef  na,  who 
bit  out  her  tongue  during  Ibc  torture,  rather  than  confess  what  she 
knew  of  ihi!  cunspirucy  agnitist  the  Piaistratidx.  The  fountain  in 
the  court-yard  of  the  English  consul  Logotheti's  house  was  deco- 
rated with  a  bas-relief  of  Bacchantes,  in  the  style  callt-d  Gr*co 
Etruscam  ;  Lord  Elgin  has  obtained  this,  as  irell  as  a  quadriga  in 
faas  relief,  with  a  victory  hofering  oier  the  charioteer,  probably 
X  voto,  for  some  victory  at  the  Olympic  games.  Amongst  the 
F  funeral  Cifipi  found  in  difTerent  places,  are  some  remarkable 
I  ntme<,  particularly  that  of  Socrates  ;  and  In  Ihe  Ccramicui  ibelf 
I  Xiord  Elgin  discorerr'd  are  inscription  in  elegiac  verse,  on  Ihe 
Athenians  who  fell  at  Polidic.i,  and  wbo^e  eulogy  was  delivered 
with  pathetic  eloquence  in  the  funeral  oration  of  Pericles. 

The  peasants  at  Athens  generally  put  into  a  niche  oTer  the  doof 
of  their  cottages,  any  fragment  they  discorer  in  ploughingthe  fields. 
Out  of  these,  were  selected  and  purchusid  many  curious  antique 
TOtife  tablets,  \rith  sculpture  and  inscriptions.  A  complete  seriei 
bas  nlso  been  formed  of  capitals,  of  Ihe  only  three  orders  known 
in  Greece,  the  Doric,  the  Ionic,  and  Ihe  Corinthian ;  from  Ihe 
earliest  dawn  of  art  in  Alhens,  to  its  zenith  under  Pericles  ;  and 
from  Ihence,  through  all  its  degradations,  to  the  dark  ages  of  the 

I  lower  empire. 
At  a  consent  called  Daphne,  about  half  way  between  Alheni 
and  Eleusis,  where  the  remains  of  an  Ionic  temple  of  Venus, 
equally  remarkable  for  the  brilliancy  of  the  marble,  the  bold  sty l» 
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of  the  ornament «,  the  delicacy  with  which  they  art  finished,  and 
their  high  {  reser?ation.  Lord  Kigin  procured  from  thence  two  of 
the  capitals,  a  whole  iluted  column,  and  a  base. 

\^Lor(l  Elgin^s  memorandums  of  hit  punuitim 

SECTION    XV. 

Magnificent  remains  of  Ruins  in  EgypL 

Tiis  whole  country  is  crowded  with  monuments  of  the  gigantic 
architecture  of  former  times,  and  of  different  zras.  Among  the 
most  ancient  arc  the  Pyramids,  so  generally  known  that  we  need 
not  dwell  upon  them.  But  among  those  of  comparatively  later 
times,  and  more  elt'gant  proportions,  may  be  mentioned  the  ruini 
at  Luxor  and  Kdfu. 

Luxor  is  one  of  the  finest  village  towns  of  the  country;  it  is 
unitid  to  Karnac  by  a  superb  arenue  of  sphinxes;  and  like  the 
latter  is  built  on  the  ruins  of  a  magnilicent  temple,  whose  name  is 
now  lost  to  us.  Nothing  can  be  more  awfully  grand  than  the  en. 
trance  into  the  town  of  which  the  annexed  drawing,  copied  from 
M.  Denun's  superb  work,  gires  a  faint  sketch.  The  inbabitaotB 
amount  to  between  two  and  three  thousand,  whose  puny  bnildmgl 
are  niched  among  the  ruius,  or  are  supported  on  the  platforms  of 
the  decayed  t«'mple. 

The  magniUcent  ruins  of  Edffl,  are  known  to  be  more  extensiTe: 
and  it  is  here  we  meet  with  the  sublime  remains  of  the  temple  of 
Apul]ino]io]is,  the  most  beautiful  of  i'^ypt,  and  next  to  those  of 
Thebes,  the  largest ;  erected  at  an  epoch  in  which  the  arts  and 
sciences  had  acquired  all  their  splendour.  All  the  parts  are  equally 
finished,  the  hieroglyphics  are  elaborately  executed,  and  the  figures 
more  varied,  and  the  architecture  more  perfect  than  in  the  edifices 
of  Thebes,  which  must  be  referred  to  a  much  earlier  age.  We  hare 
given  two  views  of  this  magnificent  relic  from  Denon,  and  we  may 
safely  say,  that  they  are  among  the  most  sumptuous  and  interesting 
of  his  superb  drawings.  {Editor » 

SECTION   xvi; 

Porcelain  Tower  at  Nankin, 

We  ha?e  taken  this  elegant  and  commodious  building  as  a  spe« 
cimen  of  the  oriental  pagodas.    The  tower  Is  about  two  hundred 
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feet  in  h«^Iit,  and  derites  its  naiae  from  its  hsTiDg  a  chint  or  por. 

c«l4ia,cofttiiig.  Of  its  fonnder,  antiquit/,  or  the  tame  of  ile  erection, 

|Wc  have  no  informatioo.     It  wag  the  Portuguese  who  first  gave 

(  Ihew  edifices  the  name  of  pagodas,  and  attributed  them  lo 

notional    parposet;  but  ihtre  can  be  lilUe  doubt  that  in  nwnr 

■tiBoes  Ouf  have  been  rather  erected  as  public  nemortals  or 

mt>,  like  ibe  columns  of  the  Greeks  and  Romans. 

SECTION  XVII. 

Colouut  of  Rhodei. 

Tms  enormon^  building  has  justly  been  classed  among  (he  won. 
jbrt  of  ancient  architecture.  It  whs  a  vast  structure  of  brass,  or 
tttnary  metal,  erected  in  honour  of  Apollo  or  the  sun,  the  tule- 
Iry  god  of  the  iiiland ;    whose  stride  was  fifty  feet  asunder,  each 

it  being  placed  on  a  rock  at  this  distance  from  eacli  other,  and 
rkich  bounded  the  entrance  into  the  haven  :  its  height,  according 
•  Pliny,  was  not  less  than  a  hundred  and  five  feet,  or  sevenly  cu> 
bits:  and  bence  ships  of  considerable  burden  were  capable  of 
■iliDg  between  its  legs.  It  is  said  to  have  been  erected  by  th« 
Aodians  with  the  money  produced  by  the  «ale  of  the  engines  of 

r  which  Demetrius  Poliorcetes  employed  in  fruitlessly  besieging 
e  city  for  a  Iwelremonth,  and  which  he  gave  to  them  upon  his 

Mnclliation.  Pliny  affirms  that  it  was  commenced  by  Chares 
f  Liudus,  a  disciple  of  Ly^ippus,  and  finished  upon  his  death  by 

Whes  of  the  same  town.  It  was  thrown  down  by  an  earlhqunke 
btyyearsafter  its  completion.  [Plin.  Euieb.  Editor. 


SECTION     XVIII. 

Italian  Monumentt  anil  Architecture. 
I  ItaLT,  like  Egypt,  abounds  so  largely  with  magnificent  ruins 
1  relics  of  different  ages,  that  we  can  only  indicate  a  few  of  ttio 
>t  singular  or  most  celebrated.  \  I 

^■From  the  former  we  may  select  for  description  the  famous  can- 
r  leaning  tower,  erected  in  a  square  close  to  the  great 
irch  at  Pisa.     It  is  composed  wholly  of  white  marble,  and  was 
Idit  for  the  purpose  of  containing  the  belis.     Its  height  Is  about 
0  hundred  feet,  and  its  inclination  nearly  fifteen  feet  from  the 
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p< !  (  ruilcuiar.  The  cause  of  tliis  Tory  extraordinary  inclination 
!•  s;i,ju}*((!  1(1  ).<'  a  want  Oi*  cart-  in  the  laying  the  foundation. 
L'piMi  which  siihjc'ct  the  reailrr  m;iy  cunsiilt  Mr.  Tappen,  uhohas 
:^iv  11  :i  vrry  iiilirrhtiiig  ili'scriiitioii  ol  this  town  in  his  ^^  Archi. 
tnl'jrr  oi"  rianco  and  ItaU,** 

or  fir  iiii;h<T  nniiquity  is  the  ccUbratpJ  column  of  Trajan  at 
INi.ri*.  whiih  \\L'  have  sclcted  for  representation  from  an  infinite 
I'l  l:i-.!iLiiy  nf  >uperb  p.  mains  which  yet  mark  the  universal  sway. 
V  I  ill  ill"  Diiijtr. ',"  of  ih:'  world  once  exe  reined.  This  was  erected 
(  .  :!i.  r  V.  .:!i  :i  lon^  list  of  other  public  and  magnificent  edifices  by 
\\:  i-.i^  .  rt  1  wl-.:)-e  nn-ne  it  bears  ;  but  it  is  regarded  as  his  master- 
\  i.  li'.  1[  'tanrl^  in  the  middle  of  a  siiuaro,  to  form  which  he  le- 
vi  !!•  il  a  i.iil  of  a  iiundred  and  forty  feet  i^i^^h,  and  intended  it 
lioih  as  a  tji:\h  for  himM-lf,  and  to  show  the  height  of  the  hill  he 
l...d  ti:u>  l<-\iili-d,  ;\<  ii[)|(ears  from  the  inscription  on  its  base^bear- 
i:'.;;  dale  ih<-  se>ent(  <  nth  year  of  his  tribunitial  power,  equivalent  to 
till'  ^rar  of  C'hr;  t,  III.  The  emperor  Constantius,  two  centuries 
r.!i'.l  a  hilf  aftf  rw;'i-il>,  regarded  this  column  and  square  as  the 
ni-j^t  nvi^-ii:lceii'L  cilifice  by  which  Home  was  even  at  that  timeenu 
belli'hed. 

Nor  can  we  avoii*,  nhile  thus  (rending  on  classic  ground,  glaa. 
c*n.;  at  the  far-laiiK  d  coiosseum  or  amphitheatre,  the  stately  re- 
iinins  of  wl'iih  are  to  be  seen  in  our  own  day,  commenced  by 
Ve^pasi.Mi,  and  linish<  d  i>y  Titus,   in  the  eighteenth  year  of  the 
C'iiri^tinn  a'ra.     Upon  its  dedication,  by  (his  last  emperor,  on  ac« 
c:>unt  of  its  completion,  he  gratuitously  indulged  the  Roman  peOi>~'s 
(Ic  \\\\U  jiublic  stjivtaclos  of  tho  utmost  magnificence,  whichlaitod'^ 
Hi  ore  than  a  hundred  days.     According  to  Dio  Cassius,  this  samp-;  ] 
tuout  huildiri^  was  irec'ed  in  what  then  constituted  the  heart  af   * 
the  ci{y  ;  but  such  are  the  changes  which  Rome  has  since  under- 
gone, that  its  ruins  are  in  the  present  day  in  (he  outskirts. 

[^Ammium.  Dio.  Ediior, 

SECTION    XIX. 

Temple  of  S'lncia  Sophia^  at  Constantinople. 

CovsTANTiNF.  designed  the  metropolis  that  was  built  by  hinieif* 
and  still  bears  his  name,  as  the  rival  of  Rome  ;  and  his  succesMHI 
pursued  the  same  intention.     With  this  view,  Justinian  iii  the  aii^M 
century,  erected  the  renerable  and  magniOcent  monament  bci 
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dedicating  It,  as  (be  L&'tin  name  brieOjr  (lenofes,  to  Divine 
Witdom.  Its  archiCecturo  indei-d,  is  greatJy  inferior  to  thnt  of  % 
liEgber  and  more  classical  period  ;  yet  (lie  rflcct  is  ^rand  and  im- 
Jirei»iv«,  and  the  copola  is  admired  as  a  buld  and  skilful  elTect  o('1 
tbe  art,  while  (lie  sccoifng  wciglit  is  diminishrd  l>y  the  lightness  olJl 
le  materiah,  which  are  bricks  formed  uf  a  parlicnlar  clay  that 
ill  float  in  the  water.  The  iiilcrior  ii  adorned  with  a  profits 
•f  marble  colorans  of  various  beautiful  descriptions,  the  purpl«3 
Phrygian,  green  Spartau,  red  and  white  Carian,  African  of  a  ; 
ftoa  colour,  and  many  other  kinds.  . 

There  is  a  tery  beautiful  cathedral  at  Snierno,  ifbicli,  thougH 

ss  eipressive,  may  be  compared  with  the  temple  of  Sancta  Sophii^ 

I  point  of  splendour)  and  in  gome  part  of  it  has  a  considerublvj 

ftfemblancc  to  it. 

The  temple  of  Sancta  Sophia,  bowever,  has  been  less  happy  ii 
'  fate ;  for  upon  the  triumph  of  the  Ottomans,  it  was  convcrletl 
Into  ■  TnrKisb  Mus^ue,  and  coiilinues  sui:!!  to  the  present  day. 


Monaitery  of  Monlserral. 

MoSTSEBBAT  IS  well  known  to  be  one  of  the  most  romautl) 
lonntatns  of  Spain  :  it  is  situated  id  the  vicinity  of  Barcelona,  ( 
as  giren  lis  name  to  one  of  the  Leeward  Carabbee  Islands  froi^ 

gjpposvd  resembUnce  to  it.     Towards  the  summit  of  this  c 
nd  perpendicular  steep,  ure  erected  a  monuslcry  and  chapel  ded 
ited  to  the  Virgin  Mnry.     The  scenery  is  tiighly  pi(tur<;sqa«|d 
nd  from  llie  difficulty  of  the  asceut,  it  has  long  been  resortt-d  li 
Y  pilgrims,  who  wisb  to  show  a  proof  of  their  xeal  and  iuperloriQ 
1  fatigue.     It  is  inhabited  by  monks  of  wveral  nations,  uboeuteN 

gt4luiIoD9ly,  for  some  days,  all  who  visit  them,  whether  frong 
iriosity  or  devotion. 

The  uODntain  is  calculated  at  ten  miles  in  circumference,  and]] 
iree  thousand  three  hundred  feet  above  (be  level  uf  the 
iwcringover  a  hilly  country  like  a  pile  of  grotto- work,  or  Gothlflf 
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Stonemhenge. 

This  celebrated  monument  of  antiquity,  is  of  Teiy  iinrtiffih 
date.     That  it  is  very  ancient  is  admitted  by  erery  one^  bet  Ml 
origin,  intention,  and  era,  are  points  of  tiie  most  doobtfal  eoBlli^. ' 
versy.     Its  situation  is  on  Salisbury- plain,  six  miles  fioa  At  ditf. 
of  this  name. 

It  is  described  by  Camden  as  a  huge  and  monstrona  pleet  of 
work,  such  as  Cicero  termeth  insanem  subttructiomemm     Fit 
within  the  circuit  of  the  ditch,  he  says,  there  are  erected^  ill  mu* 
ner  of  a  crown,  in  three  ranks  or  courses,  one  witbio  uothcrf 
certain  mighty  and  un wrought  stones,  whereof  some  are  98  iJMl 
high,  and  seven  broad  ;  upon  the  heads  of  which  others,  like  Oftr» 
thwart  pieces,  do  bear  and  rest  cross. wise,  with  small  teiuras  and 
mortises,  so  that  the  whole  frame  scemeth  to  hang  :  oo  wUch  aCf 
count  we  call  it  Stone. lieng,  as  our  old  historians  termed  i^ 
because  of  its  magnitude,  chorea  gigantum^  the  giant's  daacsu* 
The  perpendicular  stones  are  called  corse-stones,   and  tbe  oteti' 
thwart  ones  are  called  croncts.    This  antiquity  says  Mr.  laifof 
Jones,  because  the  architraves  are  set  upon  the  heads  of  the  ap* 
right  stones,  and  hang,  as  it  were,  in  the  air,  is  generally  knov^' 
by  the  name  of  Stone,  heng.    The  whole  work,  in  general,  bciag 
of  a  circular  form «  is  a  hundred  and  ten  feet  in  diameter  ;   doqUa 
winged  aboiU,  without  a  roof;  anciently  environed  with  a  deep 
trench,  still  appearing  about  thirty  feet  broad  :  so  that  betwixt  It 
and  the  work  itself,  a  large  and  void  space  of  ground  being  left|r 
it  had  Irom  the  plain  three  open  entrances,  the  most  conspiciavi. 
of  which  lies  north-east ;  at  each  of  which  was  raised,  on  the  oa^. 
side  of  the  trench,  two  huge  stones,  gate-wise  ;  parallel  to  whldhy' 
on  the  inside,  are  two  others,  of  less  proportion.     The  inner  part. 
of  the  work,  consisting  of  an  hexagonal  figure,  was  raised,  bj  dae 
symmetr},   upon  the  bases  of  four  equilateral  triangles,  which 
formed  the  whole  structure.     This  inner  part  was  likewise  doable, 
having  within  it  also  another  hexagon  raised ;  and  all  that  paii 
Mithin  the  trench,  situated  upon  a  commanding  ground,  emineol| 
and  much  iiigher  than  the  surrounding  plain  ;  in  the  midst  of  whici^ 
upon  a  foundation  of  bard  chalk,  the  work  itself  was  placed ; 
insomuch  tiiat,  from  whatsoever  part  they  came  into  it,  they  rose 
by  a  hill  of  easy  ascent.     In  the  inmost  part  of  the  work  is  a 
bione,  appearing  not  much  above  the  surface  of  the  earth,  and  lying 
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tnwards  the  rast,  Tour  feet  broad,  and  aixtcen  Test  long;  ivhicli, 
vh«ther  It  be  an  alUr  or  no,  this  autiior  refers  to  the  Judi;intiit  of 
others.  The  great  stones  which  are  made  the  entrances  fnim  tile 
outside  of  ihe  trench,  tre  5c?en  feet  broad,  three  feet  thick,  and 
tvrenty  feel  hij^h.  The  paralltl  stonet  on  the  inside  of  the  trench 
are  four  feet  broad,  anil  three  feet  thick;  but  they  are  so  broken, 
that  their  proportions  in  height  cannot  be  exactly  measureil.  Th« 
■tones  which  make  the  oulnard  circle  are  scren  feet  broad,  three 
feet  aod  a  half  thick,  and  fifteen  feet  and  a  half  high  ;  each  stone 
ha*in§  two  tenons  mortised  into  the  archilrare  cuntiimuig  upon 
them,  Ihronghout  the  whole  circumference.  For  these  architraves 
bt^in;  jointed  exactly  in  (he  middle  of  each  of  the  perpendicular 
Mones,  (hat  their  weight  might  have  an  equal  bearing  ;  and  upon 
each  side  of  the  joint  a  ti-ndon  wrought  (as  remains  yet  (o  be  seen) 
it  may  hence  posiliTely  be  concluded,  (hat  the  archilrave  is  con- 
tinued round  aI<oul  this  outward  circle.  The  smaller  stones  of 
the  inner  circle  are  one  foot  and  a  half  broad,  one  foot  thick,  and 
\  feet  high.  These  had  no  architrave  upon  them,  but  were  raised 
perpendicular,  of  a  pyramidal  form.  The  stones  of  the  greater 
hexagon  are  seven  feet  and  a  half  broad,  three  feet  and  three, 
larters  thick,  and  twenty  feet  high,  each  stone  having  one  tenon 

the  middle.  The  stones  of  the  inner  hexagon  are  two  feet  and 
a  half  broad,  one  foot  end  a  half  thick,  and  eight  feet  high,  in 

m  pyramidal,  like  those  of  the  inner  circle.  The  architrave 
lying  round  about  upon  the  perpendicular  stones  of  the  outward 
circle,  is  three  feet  and  a  half  broad,  and  two  fof  t  and  a  half  high. 
The  architrave  on  the  top  of  the  great  stones  of  the  outward  hexa. 

I,  is  sixteen  feet  long,  3^  feet  broad,  and  3j  feet  high.  This 
architrave,  continuing  only  from  stone  (o  stone,  left  helwixl  every 

3  and  two,  a  void  space  fri-e  (o  Ihe  air,  uncovered.     The  vulgar 

'e  thoitght  it  ominous,  and  indeed  absolutely  impossible,  to  count 
the  number  of  stones  composing  this  ancient  monument.  To  this 
legendary  tale  l^yduey  refers  in  his  snnnet  of  (he  wonders  of  Eng. 
land,  when  be  says. 

Near  Wilton  sweet,  hu^e  heaps  of  stones  are  found, 
But  so  confused,  that  neither  any  eye 
Can  count  ihem  just,  nor  reason  try, 
What  force  brought  them  to  so  unlikely  ground. 

In  reference  to  this  absurd  superititioD,  Mr,  Jones  says,  that  if 
any  one  will  observe  the  orders  of  the  rirclei  as  they  now  appear. 


I 


566  MONUMENTAL  REMAINS. 

without  passing  from  one  to  another  confusedly,  and  note  wherr 
he  begins,  he  may  easily  find  the  number.  Dr.  Stnkely  computet 
them  in  the  following  manner  :  ^'  the  great  OTal,"  he  says,  ^^  con« 
sists  of  ten  uprights  }  the  inner  with  the  altar,  of  twenty;  the 
great  circle  of  thirty  }  the  inner  of  forty ;  which  are  a  hundred 
upright  stones  ;  five  imposts  of  the  great  oval ;  thirty  of  the  great 
circle  ;  the  two  stones  on  the  bank  of  the  area,  the  stone  lying 
within  its  entrance,  and  that  standing  without ;  and  another  on 
the  ground  directly  opposite  to  the  entrance  of  the  aTenne  ;  so 
that  the  whole  number  is  a  hundred  and  forty.'*  This  writer  ob« 
serves,  that,  according  to  the  intention  of  the  founders^  the  whole 
circle  of  the  work  was  to  consist  of  thirty  stones,  each  stone  to 
be  four  cubits  (a  cubit  being  20^  inches  English  measure)  broad, 
each  interval  two  cubits ;  30  times  2  cubits  60;  and,  therefore, 
thrice  60  cubits  complete  a  circle,  whose  diameter  is  60.  A  stone 
4  cubits  broad,  and  2  thick,  is  double  the  interval,  which  b  i 
square  of  2  cubits.  [Camden.  JrchasL  Trans.  Pantolcg. 

SECTION    XXII. 

Tumuli;  including  Barrotcs,  Cairns^  Cromlechs j   KisUvaen$y 
Loganj  or  Rockingmsiones,  and  similar  Monumental  remains. 

Several  of  these  singular  elevations  of  ancient  times  are  occa. 
sionally  confounded,  and  mistaken  for  each  other  ;  and  we  shall 
briefly  point  out  their  characteristic  distinctions,  before  we  enter 
upon  a  more  minute  account  of  them. 

A  Barrow  is  an  artificial  hillock  or  mount,  common  to  many 
parts  of  the  world,  composed  of  earth  or  earths,  and  stones  pro. 
miscuously,  and  containing  human  bones  in  its  interior.  This  is 
someiimes  made  to  include  the  next. 

A  Cairn,  Kairn^  or  Carncj  is  a  barrow  surmounted  with 
large  stones  placed  irregularly,  but  crowned  with  a  broad  flat 
stone  on  the  apex  or  top. 

A  Cromlech  is  a  monument  of  huge,  rode,  broad,  and  oftentimes 
irregularly  shaped,  but  flat  stones  raised  upon  others  that  are  set 
up  on  end  for  this  purpose,  without  any  attention  to  the  hillock, 
and  frequently  occurring  on  a  plain  or  even  in  a  hollow. 

It  happens  at  times  that  one  or  more  of  the  horizontal  stones 
will  rock  or  move  with  the  slightest  touch,  though  no  lever  can 
throw  them  down.  These  are  caWei  Rocking'StoneSy  aad  wc  are 
not  without  instances  of  them  produced  naturally. 
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The  criimlech  is  nsaully  roond  npen  at  the  »!<}«;  if  it  be  in. 
cloied,  so  u  to  form  a  kind  of  rude  coffin  or  sarcopbogu!,  ii  ig 
called  a  Kisl.viicn. 

BAnBOWS. 

or  these  Dr.  Plotf  takes  no(ire  of  two  sorts  in  Oxford^hiri^ ; 
one  plarcd  on  Ihi-  military  ways,  the  othtr  in  the  Selds,  meadttiti, 
orwDOils;  the  lirsl  furt  doubllens  of  lloman  erection,  the  other 
mure  probably  erccti'd  liy  the  Uritons  or  Dnnei.  Wc  hure  an 
FXiiDinBtion  of  the  barrows  iti  Cornwall  by  Dr.  Williams,  in  the 
Phil.  Trans.  N°  45S,  from  whose  obscrvalroos  we  6nd  Ihnt  they 
■re  composed  of  foreign  or  ndventilious  earth  ;  thntis,  such  as  does 
not  orii;iually  belong  to  the  place,  but  is  fetched  rrotn  some  distsnee. 
Monuments  of  this  kind  are  also  very  frequent  in  Scotland.  On 
digging  into  the  barrows,  urnii  have  been  found  in  some  of  them, 
made  of  calcined  earth,  and  containing  burnt  bones  and  ashes ;  in 
others,  stone  chests  containing  bones  entire;  in  others^,  bones  nei> 
ther  lodged  in  chests  nor  deposited  in  urns.  These  tutnuli  are 
roui)d,  not  greatly  elevated,  and  grnernlly  at  iheir  bases  surrounded 
with  a  foss.  They  arc  of  different  sixes ;  in  proportion,  it  is  sup- 
]M>sed,  (o  the  greatness,  rank,  and  power,  of  tlie  deceased  person. 
The  links  or  sands  of  Skail,  in  Sandwich,  one  of  the  Orkneys, 
abound  in  round  harrows.  Some  are  formed  of  earth  atono.olhfrs 
of  alone  covered  with  earth.  In  the  former  was  found  a  coffin, 
made  of  six  flat  stones.  They  are  too  short  to  receive  a  body  at 
full  length  :  the  skeletons  found  in  them  lie  with  the  knees  pressed 
to  the  breast,  and  the  legs  doubled  along  the  thighs.  A  hag, 
made  of  rushes,  has  been  found  at  tbe  feet  of  some  of  these  skele- 
L  Ions,  containing  the  bones,  most  probably,  of  another  of  the  fa- 
Mlily,  In  one  were  lo  he  seen  muKiludes  of  small  beetles;  and  99 
f -^milar  insects  have  been  discovered  tn  the  bag  which  rnclnsed  the 
Hcred  Ibis,  we  may  suppnse  that  the  Egyptians,  and  the  nation  to 
whom  these  tumuli  belong,  might  have  had  ihe  same  superstilion 
respecting  lliem.      On  some  of  the  corpses  interred   in  this  island. 


»tbe  mode  of  burning  was  observed.      The   ashes  deposited   in   Iho  ^^H 

vrn  which  was  covered  on  the  top  wiih  a  (lat  stone,  have  been  ^^H 

found  iu  (he  cell  of  one  of  the  barrows.     This  coffin  or  cell  was  ^H 

placed  on  the  ground,  then  covered  with  a  heap  of  stones,  and  | 
that  again  cased  with  earth  and  sods.     Both  barrow  and  contents 

evince  them  lo  he  of  a  different  nge  from  the  furmer.      These  lu.  i 

■ -Miuli  WKre  in  the  naiure  of  family  vanlls  :  in  them  have  been  found  ^^H 

t  I 
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two  tiers  of  coffins.  It  is  probable,  that  on  the  death  of  anj  Me 
of  the  family,  the  tumulus  was  opened,  and  the  bodj  interred 
near  its  kindred  bones. 

Ancient  Greece  and  Latium  concurred  in  the  same  practice  wilh 
the  natives  of  this  bland.  Patrodus  among  the  Greeks,  and  Ilec« 
tor  among  the  Trojans,  received  but  the  same  funeral  hmonrs  with 
our  Caledonian  heroes;  and  the  ashes  of  Dercennna  the  Laarecu 
tine  monarch  had  the  same  simple  protection.  The  am  and  pall 
of  the  Trojan  warrior  might  perhaps  be  more  superb  than  those  of 
a  British  leader :  the  rising  monument  of  each  had  the  commoi 
materials  from  our  mother  earth. 

The  snowy  bones  his  friends  and  brothers  place. 
With  tears  collected,  in  a  golden  rase. 
The  golden  vase  in  purple  palls  they  rolPd 
Of  softest  texture  and  unwrought  with  gold. 
Last  o'er  the  urn  the  sacred  earth  they  spread, 
And  raised  a  tomb,  memorial  of  the  dead. 

Pope't  llomerU  Hiadj  zxiT.  1003. 

Or,  as  it  is  more  strongly  expressed  by  the  same  elegant  transis- 
tor, in  the  account  of  the  funeral  of  Patrodus ; 

High  in  the  midst  they  heap  the  swelling  bed 

Of  rising  earth,  memorial  of  the  dead.        Ibid,  zxliL  319. 

The  Grecian  barrows,  however,  do  not  seem  to  hare  been  aU 
equally  simple.    The  barrow  of  Alyattes,  father  of  Crcrsus  kiag 
of  Lydia,  is  described  by  Herodotus  as  a  most  superb  monuBieat, 
inferior  only  to  the  works  of  the  Egyptians  and  Babjlooians.    It 
was  a  vast  mound  of  earth  heaped  on  a  basement  of  large  stones 
by  three  classes  of  the  people;  one  of  which  was  composed  of  girls 
\vho  were  prostitutes.     Alyattes  died,  after  a  long  reign,  ia  the 
year  569  before  the  Christian  era.     Above  a  century  intervened, 
but  the  historian  relates,  that  to  this  tione  five  stones  (sfoi,  termnij 
or  tiela)  on  which  letters  were  engraved,  had  remained  on  the 
top,  reeording  what  each  class  had  performed ;  and  from  the  mea- 
surement it  liad  appeared,  that  the  greater  portion  was  done  by  the 
girls.     Strabo  has  likewise  mentioned  it  as  a  huge  mound  raised 
on  a  lofty  basement  by  the  multitude  of  the  dty.    The  circaou 
fcrence  was  six  stadia  or  three  quarters  of  a  mile  ;  tiie  height  two 
plethra  or  two  hundred  feet ;  and  the  width  thirteen  pledira.    It 
was  customary  among  the  Greeks  to  place  on  barrows  either  the 
image  of  some  animal^  or  stcla^  commonly  round  pillars  within. 
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scriplloni.  The  ftinons  barrow  of  the  Athenians  in  the  pUin  of 
M  ■  ra I hitn,  described  by  Pnusanias,  is  an  instance  of  the  latter  asngr. 
Ail  ancient  monument  in  Italy  by  the  AppEan-iray ,  called  without 
reason  the  sepulchre  of  (he  Curiatii,  has  the  same  number  of  ter- 
mini ai  remained  oti  (he  barrow  of  Alyaltes  ;  the  basement  which 
ia  stiiiare,  sopporling  fite  round  pyramids.  Of  the  barroir  of 
Alyallet  the  original  magnitude  is  described  by  traTcllers  as  notv 
much  diminiiheil,  and  the  liotlum  rendereit  wider  and  less  distinct 
than  before,  by  the  gradual  increase  of  the  soli  below.  It  jtauds 
in  (he  midit  of  others  by  the  lake  Gygieus;  where  the  burying- 
ploco  of  the  Lydian  princes  wa!i  situated.  The  barrows  are  of 
?arious  sizis,  the  smaller  made  perhaps  for  children  of  the  younger 
branches  of  (he  royal  family.  Four  or  five  are  distinguished  by 
iheir  superior  magnitude,  and  are  ttalble  as  hills  at  a  great  distance. 
That  of  Alyalle»  is  greatly  supereminent.  The  lake  it  is  likely 
furnished  the  soil.  Ail  of  them  are  covered  with  green  (urf;  and 
•11  retnin  their  cooicul  form  nilhoul  any  sinking  in  of  the  top. 

Barrows,  or  similar  tumuli,  are  also  found  in  great  numbers  in 
AmirlcA.  These  are  of  dtiTerent  sixess,  according  to  Mr.  Jcfler. 
«on's  account ;  some  of  them  constructed  of  earth,  and  some  of 
loose  stones.  That  they  were  repositories  of  the  dead  has  been 
ebtious  (o  all  ;  but  on  what  particular  occasion  constructed,  was 
natter  of  doubt.  Some  hate  Ihouijbt  they  covered  (he  bones  of 
those  who  have  fallen  iu  battles  fought  on  the  spot  of  interment. 
I  Some  ascribed  them  to  the  custom  sniil  tu  prevail  among  the  In- 
dians, of  collecting  at  certain  perioils  (he  bones  of  all  (h?irdead, 
wheresoever  depo^i(ed  at  (he  (ime  of  death.  U(hers  again  suju 
|>Osed  them  (he  general  sepulchres  for  (owns,  conjeclured  to  hare 
?n  on  or  near  these  grounds;  and  this  opinion  was  supported 
by  the  quality  of  (he  lands  in  which  they  are  found  (Ihose  con- 
•Inieted  of  rarlh  being  generally  in  the  sor(est  and  most  fertile 
meadow  grounds  on  river  sides),  and  by  a  (rndition.  said  (o  be 
handed  doon  from  the  aboriginal  Indians,  that  when  thi-y  settled 

»ln  a  town,  the  tirst  person  who  died  was  jiliced  erect,  and  earth 
|nit  about  him,  so  as  (o  cover  and  support  him  ;  that  when  another 
-41»d,  «  narrow  passage  was  dug  tn  llic  first,  the  second  reclined 
•;*inst  him,  and  the  cover  of  the  corth  rcploced,  and  so  on. — 
**  There  being  one  of  these  barrows  in  my  neighbourhood  (says 
Mr,  Jefferson),  I  wished  (o  satisfy  myself  whether  any,  and  which 
fe  of  these  opinions  were  just.  For  this  purpose  I  determined  to 
I  •pen  and  «xamioe  it  thoroughly.     It  was  silQated  on  the  low 
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grounds  of  the  Riranna,  about  two  miles  above  i(9  principal  fork, 
and  opposite  to  some  hills,  on  which  had  been  an  Indian  town.    It 
was  of  a  spheroidical  form,  of  about  40  feet  diameter,  at  the  base, 
and  had  been  of  about  12  feet  altitude,  though  now  reduced  bj 
the  ploujc^h  to  seven  and  a   half,  having  been  under  cultivation 
about  a  dozen  years.     Before  this  it  was  covered  with  trees  of  r2 
inches  diameter,  and  round  the  base  was  an  excavation  of  five  feet 
depth  and  width,  from  whence  the  earth  had  been  taken  of  which 
the  hillock  was  formed.     I  first  dug  superficially  in  several  parts 
of  it,  and  came  to  collections  of  human  bones,  at  different  depths, 
from  six  inches  to  three  feet  below  the  surface.     These  were  lying 
in  the  utmost  confusion,  some  vertical,  some  oblique,  some  hori. 
zontal,  and  directed  to  every  point  of  the  compass,  entangled,  and 
held  together  in  clusters  by  the  earth.     Bones  of  the  most  distant 
parts  were  found  together ;  as,  for  instance,  the  small  bones  of 
the  foot  in  the  hollow  of  the  skull,  many  skulls  would  sometimes 
be  in  contact,  lying  on  the  face,  on  the  side,  on  the  back,  top  or 
bottom,  so  as  on  the  whole  to  give  the  idea  of  bones  emptied  pro- 
miscuously from  a  bag  or  basket,  and  covered  over  with  earth, 
without  any  attention  to  their  order.     The  bones  of  which  the 
greatest  numbers  remained,   were  skulls,  jaw-bones,   teeth,  the 
bonrs  of  the  arms,  the  thighs,  legs,  feet,  and  hands.     A  few  ribs 
r<  maincd,  some  vertebrae  of  the  neck  and  spine,   without  their 
processes,   and  one  instance  only  of  the  bone  which  serves  as  a 
base  to  the  vertebral  column.     The  skulls  were   so  tender,  tbtt 
thoy  grncrally  fell  to  pieces  on  being  touched.     The  other  bones 
were  stronger.     There  were  some  teeth  which  were  judged  to  be 
smalUr  than  those  of  an  adult:  a  skull  which,  on  a  slight  view, 
appeared  to  be  that  of  an  infant,  but  it  fell  to  pieces  on  being  taken 
out,  so  as  to  prevent  satisfactory  examntation;  a  rib,  and  a  fragment 
of  the  under-jaw  of  a  person  about  half.grown;  another  rib  of  an 
infant;  and  part  of  the  jaw  of  a  child,  which  had  not  yet  cut  its 
teeth.     Tlio  last  furnishing  the  most  decisive  proof  of  the  burial 
of  the  children   here,   I  was  particular  in  my  attention  to  it.    It 
was  part  of  the  right  half  of  the  under.jaw.     The  processes  by 
which  it  was  articulated  to  the  temporal  bones  were  entire;  and 
the  bone  itself  firm  to  where  it  had  been  broken  off*,  which,  is 
nearly  as  I  could  judge,  was  about  the  place  of  the  eye  tooth.    Itf 
upper  edge,  wherein  would  have  been  the  sockets  of  the  teeth,  wai 
perfectly  smooth.     Measuring  it  with  that  of  an  adult,  by-pladi^ 
their  hinder  processes  together,  its  broken  end  extended  to  tht 
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pratillimala  grmJer  of  the  aduir.  This  bone  was  vhitp,  all  ihe 
other!  of  a  sand  colour.  The  bones  of  iafants  being  soft,  they 
probablv  decay  sooner,  which  might  be  ihe  case  bo  few  were  found 
here.  I  proceeded  Ihen  to  make  a  perpendicular  cut  through 
the  body  of  the  barron,  that  I  might  eiamiuc  iU  internal  struc- 
ture. This  pissed  about  three  feet  from  its  centre,  was  opened  (o 
Ihe  former  surface  of  tbc  earth,  and  waa  wide  enough  for  a  man  to 
walk  through  and  examine  its  sides.  At  the  bottom,  that  is  on 
the  Itvel  of  the  circun:.jicent  pluin,  I  fonnd  bones ;  abore  these  a 
few  stones,  brought  from  a  cliffa  quarter  of  a  mile  off,  and  from 
Ihe  river  one-eighth  of  a  mile  off;  then  a  large  inlervai  of  earth, 
then  a  stratum  of  bones,  and  lo  on.  At  one  end  of  the  section 
were  four  strata  of  bones  plainly  distinguishable  ;  at  the  other, 
three ;  the  strata  in  one  part  not  ranging  with  those  in  another. 
Tbe  bones  nearest  Ihe  surface  were  least  decnyed.  No  boles  were 
discoTered  in  any  of  them,  as  if  made  with  bullets,  arrows,  or 
other  weapons.  I  conjpclored  that  in  this  barrow  might  hare 
been  a  thousand  skeletons.  Every  one  will  readily  seize  the  cir- 
cumstances above  related,  which  militate  agninit  the  opinion  that 
it  covered  tbe  bones  only  of  persons  fallen  in  battle ;  and  against 
the  Irnditlon  al«o  which  would  make  it  the  common  sepulchre  ofa 
town,  in  which  the  bodies  were  placed  upright,  and  touching  each 
other.  Appearances  certainly  indicate  that  it  has  derived  both 
origin  and  growth  from  Ihe  accustoninry  collection  of  bones,  and 
deposition  of  fhem  together  ;  that  the  first  collection  had  bvvn  de. 
posited  on  the  coniiDun  surface  of  Ihe  earth,  a  few  stones  put  over 
it,  and  then  a  corering  of  earth  ;  that  the  second  had  been  laid  on 
lliis,  had  cuTrred  more  or  lees  of  it  in  proportion  lo  tlie  number 
of  bones,  and  was  tbi-n  aho  covered  with  earth,  and  so  on.  The 
following  are  the  particular  circumstances  which  give  it  thifi  as- 
pect, 1,  The  number  of  bones.  3,  Their  confused  position. 
3.  Their  being  in  dilferent  strata.  4.  The  strata  in  one  part 
having  no  correspondence  with  those  in  another.  5.  The  ditferent 
}  ItaleB  uf  decay  in  these  strata,  which  seem  to  indicate  a  dilFerence 
■  lia  the  time  of  inhumation,  6.  The  existence  of  infant  bonei 
l.nooDg  them.  lii't  on  whatever  occasion  they  may  have  been  made, 
Llkey  are  of  coniiideralile  nulcri'-ty  among  the  Indi-ins:  fi^r  a  party 
using,  about  thirty  years  ago,  through  the  part  of  the  country 
e  this  barrow  h,  went  through  the  woods  directly  to  it,  with, 
it  any  instructions  ur  enquiry;  aud  having  staid  about  Usome 
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ttino.  Hitli  ^xpr»'S«ions  uliich  were  constraed  to  be  those  of  sorrow, 
they  r«'tiirn<-d  to  the  high  rond,  which  they  had  left  about  half  a 
do/ni  miles  to  pay  rhis  \mt^  and  pursued  their  journey.     There  h 
another  harrow,  much  resfmbiin^  this  in  the  low  gronuds  of  the 
south  branch  of  Shenandoah,  where  it  is  crossed  by  the  road  lead. 
ing  from  ilock-fi^h  gnp  to  Staunton.     Both  of  these  hare,  Wilkm 
th('*io  dozi'n  years,  heen  cleared  of  their  trees  and  pat  under  cil- 
tivadon,  arc  much  reduced  in  their  hr-ight,  and  spread  in  widlk| 
by  the  plough,  and  will  piobably  disappear  in   time.     Then  k 
another  on  a  hill  in  the  Dlue  ridj;e  of  mountains,  a  few  miles  DflA 
of  Woo(P<>  gap,  which  is  made  up  of  small  stones  thrown  togettKi 
This  has  been  opened  and  found  to  contain  human  bones  as  Ai 
others  do.     There  are  also  many  others  in  other  parts  of  fc 
country,** 

CAIUNS. 

These  are  to  be  seen  in  many  places  of  Britain,  parfMM^ 
Scotland  and  Wales.  They  are  composed  of  stones  of  all  diWK 
sions  thrown  together  in  a  couical  form,  a  flat  atone  crotrni^lk 
a|)ex. 

Various  causes  hare  been  arstuned  hy  the  learned  for  these  hnp 
of  stones.  They  have  supposed  (liem  to  have  been,  intiaesof 
inaugurafion,  (he  places  where  the  chieftain  elect  stood  to ibov 
himself  to  the  bestt  aiUantage  to  the  people;  or  the  place frsB 
whence  juH;;oTrent  was  pronounced;  or  to  have  been  ercetrfii 
the  road  side  in  honour  of  Mercury;  or  to  have  been  IbnMi.-li 
memory  of  solemn  compact,  particularly  where  aceonipOBisil| 
standing  pillars  of  stones  ;  or  for  the  celebration  of  certalil 
gious  ceremonies.  Such  might  have  been  the  reasons,  in 
stances,  where  the  evidences  of  stone  chests  and  urns  are 
but  these  are  «o  generally  found  that  they  seem  to  determin6.1 
most  usual  purpose  of  the  piles  in  question  to  hare  been 
pulchral  monumenf^.  Even  this  destination  might  render 
suitable  to  other  purposes  ;  particularly  religious,  to 
their  nature  they  might  be  supposed  to  give  additional 
According  to  Toland,  fires  were  kindled  on  the  tops  of  flat 
at  certain  times  of  the  year,  particularly  on  the  eves  of  Cha 
May  and  the  ist  of  November,  for  the  purpose  of  sacrlfii 
which  time  all  the  people  having  extinguished  their 
hearths  rekindled  them  from  the  sacred  fires  of  the  cairns, 
ni  raly  therefore,  these  accumulations  appear  to  hare  been  dcs|prf 
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for  tbc  sepulchral  prolectliin  o!  hi  ro>'S  and  t^nar  men.  The  ginne 
chestii,  Ihe  repositoTy  of  Ih"  urns  nnil  athpi,  arc  lodgcil  iu  the 
earth  (Mnfstb :  som-limes  only  une,  soirictimcs  morr,  are  roiinil 
Ihas  depDiilet);  aiid  Mr.  P<nnant  menltons  an  instance  of  17  biing 
discoTcred  iindfr  the  same  jjile. 

Cairns  are  of  dilffrenl  iizea,  lome  of  (hem  very  lar;e.  Mr, 
Pennant  describes  on<^  in  (he  island  OT  Arran,  1 14  Tcet  over,  anil 
of  a  Tast  heifcbt.  Thiy  may  justly  lie  su|ipo't'il  to  hate  bren  pro- 
portioned  in  size  to  the  rank  uf  the  (Hrsoti,  or  to  his  popularity  : 
th*  pi-ople  of  a  whole  dl'llict  aisemhled  to  show  Ilicir  respect  lo 
th»  di'ceascil  i  and,  liy  on  ai:ti*c  honour^n^i  of  his  memury.  sood 
Becnmulated  heaps  cqiinl  la  those  thni  ■stoni'ih  u*  nl  this  lime. 
But  Ih'ffe  honours  were  not  meri'ly  those  of  tha  day,  be  long  as 
Uk  memury  or  the  deceased  t-ndnred,  not  a  pas^rn|;er  w?nt  by 
«ilhout  adding  a  blun<-  to  the  hrap:  they  fup|>osed  U  would  be  >n 
ttooour  to  till-  dtaJ,  and  acLeptabU  tn  his  maiie!i. 

Quanquam  Teslinns,  non  est  mora  tonga  :  liccbit, 
Inji'cto  Iff  puktre,  curras. 

To  this  monument  there  is  a  proveTbial  cipression  among  the 
-  bighlandiTS  aljusire  to  the  old  practice  ;  a  liippllanl  will  It'll  hii 
patro,  Ciirrivii  ctocher  do  charne,  **  I  will  add  a  sliine  lo  your 
cairn  ;"  mca.iinii,  \Vh('n  you  are  no  more,  1  villdo  all  possible 
honour  to  your  memory. 

Cairns  are  to  be  lound  in  nil  parls  of  onr  Islands,  in  Ciirnwall, 
Wales,  and  all  parts  of  North  Itrltaln  ;  th'-y  wTe  in  use  among 
Ihe  northern  nmlons.  In  Wjles  Ibiy  are  railed  caraeildau ;  but 
(he  proverb  takin  Irom  them  there,  is  not  of  Ihe  eomplimenta] 
kinii :  A'orn  <ir  dj/  ben,  or,  "  A  cairn  on  jour  head,"  is  a  token 
of  imprecation. 

CROMLECHS. 

This  kind  of  ancient  monument,  consists,  as  we  hare  already 
obKrred,  of  huge,  broad,  flat  stones,  raised  upon  other  stoiiet  wt 
upon  ei)'l  for  that  purpose. 

These  monuments  are  spoken  of  largely  by  Mr.  Rowland,  bj 
Dr.  Borlase,  and  by  U'orniius,  under  the  name  of  Ara  or  altar. 
Mr.  Ruwiand,  however,  is  divided  in  his  opinion;  foi  he  partly 
iurliaes  to  the  notion  of  their  having  been  altars,  partly  lo  their 
having  been  sepulchres:  he  supposes  them  to  have  been  originally 
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tombs  J  but  that  in  after  times  sacrifices  were  performed  upon  them 
to  the  heroes  deposited  within.     Mr.  Reiller  preserves  an  accoant 
of  King  Harold  haring  been  interred  beneath  a  tomb  of  this  kind 
in  Denmark,  and  Mr.  Wright  discovered  in   Ireland  a  skeleton 
deposited  under  one  of  them.      The  great  similarity  of  the  moon. 
ments  throughout  the  north,  Mr.  Pennant  obserres,  evinces  the 
same  religion  to  have  been  spread  in  every  part,  perhaps  witk 
some  slight  deviations.    Many  of  these  monuments  are  both  British 
and  Danish ;  for  we  find  them  where  the  Danes  never  penetrated. 
The  cromlech,  or  cromleh,  chiefly  differs  from  the  KisUvaen^ 
h\  not  being  closed  up  at  the  end  and  sides,  that  is,  in  not  so  mach 
partaking  of  the  chost.like  figure ;  it  is  also  generally  of  larger 
dimensions,  and  sometimes  consists  of  a  greater  number  of  stones; 
the  terms  cromleh  and  kistvaen  are  however  indiscriminately  used 
for  the  same  monument.     The  term  cromlech  is  by  some  derived 
from  the  Armoric  word  crumy  ^^  crooked  or  bowing,"  and/ci 
^'  stoHp/'  alluding  to  the  reverence  which  persons  paid  to  them 
by  bowing.      Rowland  derives  it  from  the  Hebraw  words  earenu 
luathf  signifying  a  ^^  devoted  or  consecrated  stone."     They  are 
called  by  the  vulgar  coetne  Arthor^  or  Arthur  s  quoits^  it  beio^ 
a  custom  in  Wales  as  well  as  Cornwall  to  ascribe  all  great  or  won* 
derfui  objects  to  Prince  Arthur,  the  hero  of  those  couDtries* 

ROCKING  STONBS  — LOGAN  ROCKS. 

Of  these  stones  the  ancients  give  us  some  account.  Flioj 
says,  that  at  Ilarpasa,  a  town  of  Asia,  there  was  a  rock  of  sack  i 
wonderful  nature,  that  if  touched  with  the  finger  it  would  shake, 
but  could  not  be  moved  from  its  place  with  the  whole  force  of  the 
body.  Ptolemy  Hephestion  mentions  a  gygonian  stone  near  thi 
ocean,  which  was  agitated  when  struck  by  the  stalk  of  an  asphodel, 
but  could  not  be  removed  by  a  great  exertion  of  force.  The 
word  gvgonius  seems  to  be  Celtic  3  for  gwingog  signifies  motiiaiUj 
the  rocking-stone. 

Many  rocking  stones  are  to  be  foand  in  different  parts  of  tkis 
island ;  some  natural,  others  artificial,  or  placed  in  their  positioa 
by  human  art.  In  the  parish  of  St.  Leven,  Cornwall,  there  is  t 
promontory  called  Castle  Treryn.  On  the  western  side  of  the 
middle  group,  near  the  top,  lies  a  very  large  stone,  so  evealj 
poised  that  any  hand  may  move  it  from  one  side  to  another ;  yet  il 
is  so  fixed  on  its  base^  that  no  lever  nor  any  mechanical  force  ctf 
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remove  it  from  its  present  situation.  It  is  called  the  Logan. stone 
and  it  is  such  a  height  from  the  ground  that  no  person  can  belierc 
that  it  was  raised  to  its  present  position  by  art.  But  there  are 
other  rocking  stones,  which  are  so  shaped  and  so  situated,  that 
there  can  be  no  doubt  but  that  they  were  erected  by  human 
strength.  Of  this  kind  Borlase  thinks  the  great  Quoit  or  Karnm 
lehauj  in  the  parish  of  Tywidnek,  to  be.  It  is  S9  feet  in  circum- 
ference, and  four  feet  thick  at  a  medium,  and  stands  on  a  si  ogle 
pedestal.  There  is  also  a  remarkable  stone  of  the  same  kind  in 
the  island  of  St.  Agnes  in  Scilly.  The  under  rock  is  10  feet  six 
inches  high,  47  feet  round  the  middle,  and  touches  the  ground  with 
no  more  than  half  its  base.  The  upper  rock  rests  on  one  point 
only,  and  is  so  nicely  balanced,  that  two  or  three  men  with  a  pole 
can  move  it.  It  is  eight  feet  six  inches  high,  and  47  in  circumfe. 
rence.  On  the  top  there  is  a  bason  hollowed  out,  three  feet  eleven 
inches  in  diameter  at  a  medium,  but  wider  at  the  brim,  and  three 
ffeet  deep.  From  the  globular  shape  of  this  upper  stone,  it  is 
highly  probable  that  it  was  rounded  by  human  art,  and  perhaps 
even  placed  on  its  pedestal  by  human  strength.  In  Sithney  pa. 
rish,  near  Helston,  in  Cornwall,  stood  the  famous  logan,  or  rock, 
ing  stone,  commonly  called  A/en  Amber^  q.  d.  Men  an  Bavy  or 
the  top-stone.  It  was  eleven  feet  by  six,  and  four  high,  and  so 
nicely  poised  on  another  stone  that  a  little  child  could  move  it, 
and  all  travellers  who  came  this  way  desired  to  see  it.  But  Shrub, 
sail,  Cromwell's  governor  of  Pendennis,  with  much  ado  caused  it 
to  be  undermined,  to  the  great  grief  of  the  country.  There  are 
some  marks  of  the  tool  on  it,  and  by  its  quadrangular  shape,  it 
was  probably  dedicated  to  Mercury. 

That  the  rocking  stones  are  monuments  erected  by  the  Druids 
cannot  be  doubted ;  but  tradition  has  not  Informed  us  for  what 
purpose  they  were  intended.  Mr.  Toland  thinks  that  the  Druids 
made  the  people  believe  that  they  alone  could  move  them,  and 
that  by  a  miracle  ;  and  that  by  this  pretended  miracle  they  con. 
demned  or  acquitted  the  accused,  and  brought  criminals  to  confess 
ivbat  could  not  otherwise  be  extorted  from  them.  How  far  this 
conjecture  is  right  we  shall  leave  to  those  who  are  deeply  versed 
in  the  knowledge  of  antiquities  to  determine. 
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KAVAL  ARCHITBCTURE. 
SECTION   I. 

Ark  of  Nook. 

1  ii£  fort  ation  of  this  wonderfol  strnctare  is  undoubted  in  the 
Jewish,  Christian,  and  Biahommedan  world :  jet  its  dimensions  far 
exceed  any  Tessel  of  modem  date  of  the  most  extensrre  nuige,  and 
appear  to  haTe  been  equally  unmalled  in  ancient  timet. 

There  are  neTetthelesi  tarious  difficulties  which  hare  been  pro. 
posed  in  regard  to  it  among  those  bj  whom  |fs  existence  has  bees 
admitted.  One  question  is  as  to  the  time  employed  by  Noah  in 
building  it  Interpreters  generally  belieTe,  that  he  was  an  hundred 
and  twenty  years ;  bat  some  allow  him  only  fifty.two  years  ;  some 
no  more  than  seren  or  eight,  and  others  still  much  less.  The  Ma. 
hommedans  say  he  had  bat  two  years  allowed  him  for  this  work. 
Another  question  is,  what  kind  of  wood  is  meant  by  goplMT  wood? 
Some  think  cedar,  or  box,  others  cypress,  the  pine,  fir-treei  aad 
the  turpentine  tree.  Pelletier  prefers  the  opinion  of  those  who 
hold  the  ark  made  of  cedar:  the  reasons  are,  the  incorraptibaity  sf 
that  wood ;  the  great  plenty  thereof  in  Asia,  whence  Herodotss 
and  Theophrastos  relate,  that  the  kings  of  Egypt  and  Syria  hdit 
whole  fleets  of  it  in  lieu  of  deal :  and  the  cottmoQ  trmditioir  tiunoagi* 
out  the  East  imports,  that  the  «rk  is  preserved* entire  to  tbb  dsy 
on  mount  Ararat. 

The  dimensions  of  the  ark^  as  delilrered  by  Mosea,  tre  tilree  hoa. 
dred  cubits  in  length,  fifty  in  breadth;  A  Ad  tfofy  in  height^  whid^ 
compared  with  the  great  number  df  things  it  was  to  contntn,  seta 
to  many  to  hare  been  too  scanty*  And  hence  an  ai^oienthas 
been  drawn  against  the  authority  of  the  relation.  Ceiaos  long  ago 
laughed  at  it,  calling  it  tu^wIoy  «AAoxo7or,  the  absurd  ark»  This 
difli6ulty  is  solved  by  Buteo  and  Kircherj  who,  supposing  tira  eomm 
mon  cubit  of  a  foot  and  a  half,  prove  geometrically^  tlmt  tlie  ark 
was  abundantly  sufficient  for  all  the  animals  supposed  to  be  lodgod 
therein.  The  capacity  of  the  ark  will  l>e  doubled,  if  we  aidait| 
\iitb  Cumberland,  Sec.  that  the  Jewish  dubit  was  S1.888  incbes.— 
Snellius  computes  the  ark  to  have  been  above  lialf  an  acre  in  area. 
Cuneus,  and  others,  have  also  calculated  the  capacitj  of  the  •rk.r— 
Dr.  Arbuthnot  computes  it  to  have  been  81003  tnoa.— Faftlier 
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Lkny  sayt,  tlmt  tt  wu  an  liaodr<4  and  ten  feet  longer  than  l!ie 
cboFch  ofSLMtry  at  Paris,  and  sixty  four  feet  narrower;  ta 
which  hts  English  (nnslator  add;,  that  it  mast  ha*?  b(>«n  longer 
than  St.  PbuI's  church  in  Lundon,  froDi  we^t  to  eist,  broader  ihsn 
that  charch  h  high  in  th«  inside,  and  about  fiflj-.four  feet  in  beigbt 
of  our  Bitasure.  , 

The  things  contained  in  the  ark  were,  beuites  eight  persons  of 
Noah's  fjmily,  one  pair  of  every  >pecit«  of  noclean  animals,  and 
•even  pair  of  erery  s;'ecies  of  clfan  animals,  uith  prorisous  for  ihem 
all,  during  the  wbule  yrar.— The  Cornier  appt-ars,  at  lir»t  *irw,  al- 
most infinite  :  but  if  come  to  a  calculus,  the  number  of  sp^cie^  of 
tnimals  Kill  be  found  much  smalkr  ttisn  is  generally  imagined  ; 
out  of  which,  in  this  case,  are  tu  be  excepted  such  animals  as  rjia 
lira  in  Ihe  water;  and  Bishop  Wilkins  imagines,  that  only  serenly. 
two  of  the  quadruped  kind  needed  a  place  in  the  ark. 

{tappeara  fa  hare  been  divided  into  three  stories;  and  it  is 
■greed  on,  a«  most  prubable,  that  the  lowest  sfory  was  declined 
for  Ihe  beaits,  the  niildle  for  Ihe  food,  and  the  upper  for  the  birds, 
with  Noah  and  his  family  ;  each  slury  being  sabdirided  into  dif. 
ferent  apartments,  stalh,  &c.  Though  Josephus,  Philo,  and  other 
commenlators,  add  a  kind  of  fourth  slury,  under  all  the  rest; 
being,  as  it  were,  the  bold  of  the  ressel,  tu  coDtain  the  ballast,  Uid 
reCelre  the  Alth  and  fxces  of  so  many  anltnals. 

Dreselius  makes  three  hundred  aparlraeols;  father  Fonmler, 
three  hundred  and  three ;  Ihe  anonymoas  author  u(  the  Qneations 
on  Gi-nesi!,  four  hundred  ;  Bnteo,  Tern  pom  rids.  Arias  Monlaiius, 
Wilkins,  Lamy,  and  other',  suppose  as  many  panifions  as  tber« 
were  different  sorts  of  animals — Pfllelier  only  makes  sr-*<>uly.t  wo, 
viX-  thirty^!  Tor  the  birds,  and  as  miny  for  the  l>easts  :  hU  reason  is, 
tbat  if  we  suppose  a  greater  iiumlier,  as  three  hundred  and  (hirly. 
three,  or  four  hundred,  each  of  the  ei^ht  persons  in  the  scL  must 
■hare  bad  thirty-nf  ven,  forty -one,  or  filty  stalls  to  atrend  and  clvanse 
dmlly,  which  be  tt  inks  impussilile.  But  there  is  not  much  iti  this  ■ 
to  diOiiniih  the  number  of  stalls,  without  a  diminution  of  theani. 
Mala,  is  vain  ;  it  being,  p^rh^ips,  morif  diincult  tu  take  care  of  threa 
lltindf«l  animals  In  It^futy.two  stalls^  tlian  in  thne  hundred. 

Uuteo  computes,  thai  all  IIm  aaimals  contained  in  the  ark 
could  not  lie  equal  tu  &ve  hundt'tl  hiiraes  ;  he  eien  reduces  tbe 
whole  to  the  dimensions  uf  fifty. tii  pair  of  o»en.  Father  Ijmy 
•nlarges  Jl  to  sUtyJ'our  pair,  or  aa  hundred  and  lirenly.eight 
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oxen ;  so  that  supposiug  one  ox  equal  to  two  horses,  if  the  ark  hai 
room  for  two  hundred  and  fifty. six  horses,  there  mast  hate  been 
room  for  all  the  animals.  And  the  same  author  demonstrttes, 
that  one  floor  of  it  would  snlEce  for  fi^e  handred  horses,  allowing 
nine  square  feet  to  an  horse. 

As  to  the  food  in  the  second  storjr,  it  is  observed  by  Bnteo  from 
Columella,  that  thirty  or  forty  pounds  of  hay  ordinarily  suffices  an 
ox  for  a  day ;  and  that  a  solid  cubit  of  hay,  as  usually  pressed 
down  in  our  hay.ricks,  weighs  about  forty  pounds;  so  that  a 
square  cubit  of  hay  is  more  than  enough  for  one  ox  one  day*— Now 
it  appears  that  the  second  story  contained  150,000  solid  cubits; 
which,  difided  between  two  handred  and  six  oxen,  wlU  aflford  each 
more  hay  by  two  thirds  than  he  can  eat  in  a  year. 

Bishop  Wilkins  computes  all  the  cami?oroas  animals eqaivalent, 
as  to  the  bulk  of  their  bodies,  and  their  food,  to  twenty-serea 
wohes  ;  and  all  the  rest  to  two  handred  and  eighty  beerea.  For 
the  former  he  allows  the  sustenance  of  1825  sheep,  and  for  the  lat. 
ter  100,500  cubits  of  hay :  all  which  will  be  easily  contained  in 
the  two  first  stories,  and  much  room  to  spare.— >  As  to  the  third 
story,  nobody  doubts  of  its  being  sufficient  for  the  fowls,  witk 
Noah,  his  sons  and  daughters* 

Upon  the  whole,  the  learned  bbhop  remarks,  that  of  the  two,  it 
appears  much  more  difficult  to  assign  a  number  and  bulk  of  ae* 
oessary  things  to  answer  the  capacity  of  the  ark,  than  to  find  sui« 
cient  room  for  the  several  species  of  animals  alreadj  known  to  hn« 
been  there. — This  he  attributes  to  the  imperfection  of  onr  lists  of 
animals,  especially  those  of  the  unknown  parts  of  the  eartk; 
adding,  that  the  mostexpert  mathematician,  at  this  daj,  could  tot 
a.<^8ign  the  proportions  of  a  vessel  better  accommodated  to  the  pas* 
pose,  than  is  here  done ;  and  hence  finally  concludes,  that  *^  tk 
capacity  of  the  ark,  which  had  been  made  an  objectsou  agisiast 
scripture,  ought  to  be  esteemed  a  confirmation  of  its  diTiae  antkw 
rity ;  since,  in  those  ruder  ages,  men,  being  less  Tersed  in  arts  and 
philosophy,  were  more  obnoxious  to  Tulgar  prejudices  than  now; 
so  that,  had  it  been  an  human  iuTention,  it  would  haye  been  0Da» 
trived  according  to  those  wild  apprehensions  which  arise  from  s 
confused  and  general  view  of  things ;  as  much  too  big,  as  it  hsi 
been  represented  too  little.'^ 
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Galiei/  of  Uiero. 
It  ii  to  Uiero  that  Syracuse  was  indebted  for  those  ani.izing 
ftiacbines  of  war,  which  lh«^  Syracusians  made  u-e  o(  wh«n  be. 
tieged  by  the  RamBQs.  The  public  buildiiijts,  snch  as  palaces, 
templet,  arieoals,  &c.  whicb  nerc  crectad  io  Syracuse  by  his 
order,  and  under  the  direction  of  Archimedes,  were  the  grelttSt 
oniBinents  of  that  stately  metropolis,  lie  caused  also  an  iufinite 
nuDiber  of  shijis  to  be  built  for  the  exportalioD  of  corn,  in  which 
the  whole  riches  of  the  inland  consisted.  We  are  (old  of  a  i;atle}' 
boill  by  bis  order,  «  hich  was  looked  upon  as  one  of  the  wonders  of 
that  »gt.  Archimeiles,  who  was  overseer  of  the  worL,  spent  a 
whole  year  in  finishiog  it,  Hiero  daily  animating  the  workmen  with 
his  presence.  This  ship  had  twenty  benches  of  oars,  three  spaciuns 
apartments,  and  all  the  convcnivncies  of  a  large  palace.  The  Uoori 
of  the  middle  apartment  were  all  inlaid,  and  represealed  in  various 
colours  the  stories  of  Jlonier's  Iliad.  The  cieltngs,  windows,  and 
alt  other  parts,  were  Gaislied  with  wonderful  atl,  and  embellished 
with  all  kinds  of  ornaments.  In  the  uppermost  apartment  there 
was  a  S|Mcioas  gymnasium,  or  place  of  exercise,  and  wulks,  with 
gardens  and  plants  of  all  kinds,  disposed  in  wonderful  order.  Pipes, 
tome  of  hardened  clay,  and  others  of  lead,  conveyed  water  all 
■round  to  refresh  them.  But  the  liiiest  of  (he  apartments  was  that 
of  Venus,  the  floors  being  iolaid  wilfa  ugals,  and  oth-r  precious 
•tones,  the  inside  lined  with  cypress  wood,  the  windows  udomed 
with  ivory,  paintings,  and  small  statues.  In  this  apartment  tlieru 
vas  a  library,  and  a  bath  with  three  great  coppers,  anil  a  bathing 
Tessel  made  of  one  single  stone  of  various  colours,  and  containing 
two  hundred  and  Iffly  quarts,  ]t  was  supplied  with  water  from  a 
great  reservoir  at  the  head  of  the  ship,  which  held  an  hundred  thou- 
sand quarts.  The  vessel  was  adorned  on  all  sides  with  line  |jiiinl- 
ings,  and  had  eight  towers  of  eiiual  dimenaioos,  two  at  the  head, 
Iwo  at  the  stern,  and  fuur  in  the  middle.  Round  these  towtri 
were  parapets,  whence  slooes  might  be  discharged  against  the 
enemy's  vessels  when  they  approached.  Each  tower  wus  constantly 
guarded  by  four  young  men  completely  armed,  and  tivo  archers. 
To  the  side  of  the  vessel  was  fastened  aa  engine  made  iiy  Arcbii 
medes,  which  threw  a  stone  of  three  hundred  weight,  and  an  arrow 
•f  eighteea  feet^  the  distance  of  a  stadium,  or  an  hundred 
Sr  2 
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twenty-fi?c  feet.  Though  the  hold  of  this  Tessel  was  ezceedin>; 
deep,  a  single  man  could  soon  clear  it  of  water  with  a  machine  in. 
Tented  for  that  purpose  by  Archimedes.  An  Athenian  poet  btfiog 
composed  some  Teriefi  on  this  magnificent  vessel,  Iliero,  who  ud« 
derstood  the  valoe  of  Terse,  rewarded  him  with  a  thousand  me. 
dimni,  that  b,  six  tboasand  bvshels  of  wheat,  which  he  caaaed  to 
be  carried  to  the  PjresBus,  or  port  of  Athens.  If  tero  made  after. 
wards  a  present  of  (his  great  Teasel  to  Ptdemj,  probablj  Philadcl- 
phus,  king  of  Egypt,  and  sent  it  to  Aleiaadria.  As  there  was  st 
that  time  a  great  famine  in  Egjpt,  good  king  Hiero  sent  aloof  with 
it  seTeral  other  slupa  of  less  bardea  with  tliree  haodred  thoosand 
quarters  of  com,  ten  thousand  great  earthen  jars  of  salt  fish,  twenty 
thousand  quintals  d  salt  meat,  and  an  immense  qvantitj  of  other 
proTisions.  [ylfic.  Univ,  HUtm 

SBCTIOM  III. 

Zerxei^i  Bridge  of  Boats  over  the  Hellespont, 

XcBXESy  baring  resoHed  to  attack  Greece,  that  he  might  omit 

nothing    ^htch  could    contribute    to  the  success  of  his  under* 

taking,  entered  into  an  alliance  with  the  Carthagenians,  who  were, 

at  that  time,  the  most  powerful  people  of  the  west ;  whereby  it  was 

agreed,  that,  while  the  Persians  inraded  Greece,  the  Carthaginians 

should  foil  upon  the  Greek  colonies  in  Sicily  and  Italy,  and  thereby 

thi'y  might  be  diverted' from  helping  each  other.    The  Carthagi. 

nians  appointed  Ilamtlcar  their  general,  who  not  only  raised  what 

forces  he  could  in  Afric,  but,  with  the  money  sent  him  by  Xerxes, 

hired  a  great  many  mercenaries  in  Spain,  Gaul,  and  Italj;  so  that 

his  army  consisted  of  three  hundred  thousand  men,  besides  a  pro. 

portionable  number  of  ships  for  transporting  hb  forces,  and  the 

necessary  provisions.    And  thus  Xerxes,  agreeable  to  the  prophecy 

of  Daniel,  having,^by  his  strength  through  his  riches,  stirred  up  all 

the  nations  of  the  then  known  world  against  the  realm  of  Greece, 

that  is,  all  the  west  under  the  command  of  Hamilcar,  and  all  the 

east  under  his  own  banners,  set  out  from  Susa,  to  enter  upon  this 

war,  in  the  fifth  year  of  his  reign,  after  haTing  spent  three  years  in 

making  vast  preparations  throughout  all  the  provinces  of  his  wide, 

fpreading  empire.     From  Susa  he  marched  to  Sardis,  which  vras 

the  place  appointed  for  the  general   rendezvous  of  all  his  land 

forces,  while  his  navy  advanced  along  tiie  coasts  of  Asia  Minor  to* 

vrards  the  Helietpont. 

Two  things  Xerxes  commanded  to  be  done  bafore  be  caa^  to  the 
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sea  side;  the  one  was  a  passage  to  be  cut  through  mount  Athoi. 
This  raountaiu  reaches  a  great  nay  into  the  sea,  id  the  form  of  a 
P«niu$nla,  aod  is  joined  to  the  land  by  an  isthmus  twelve  furlongi 
o«er.  The  sea,  in  tliis  place,  is  very  tempestuous,  and  the  Persian 
fleet  had  furmerly  suffered  shipwreck,  in  doubling  this  iirumoiitory. 
To  prc?eijt  the  UIlC  disaster,  Xerxes  caused  a  pasiage  to  be  cut 
through  thu  mountain,  broad  enough  to  let  two  galleyi,  with  three 
banks  of  oars  each,  pass  in  front.  By  this  means  he  severed  from 
the  continent  the  cities  of  Dion,  Olophyius,  Acrolhoon,  Thysus, 
and  Cleone.  It  is  said  however,  that  Xeries  undertook  tliii 
ealerprize  only  out  of  ostentation,  and  to  perpetuate  the  memor}' 
of  bis  name,  since  ha  might,  with  far  less  trouble,  have  caused  his 
fle«t,to  be  conveyed  over  the  isthmus,  as  was  the  practice  in  those 
days- 
lie  likewise  commanded  a  bridge  of  boats  to  be  laid  over  the 
Hellespont,  for  the  passing  of  his  forces  from  Asia  into  Europe. 
The  sea  which  (e^iarates  Sestos  and  Abydus,  where  the  bridge  was 
built,  is  seven  furlongs  over.  The  work  wbs  carried  on  with  great 
expedition  by  the  Phanicians  and  Egyptians,  who  had  no  sooner 
fluished  it,  but  a  violent  storm  arising,  bruke  it  in  pieces,  and  dls. 
peried  or  dashed  against  the  shore  the  vessels  of  which  it  was  com* 
posed  :  which  when  Xeries  beard,  he  fell  iuto  such  a  violent  trans, 
port  of  augrr,  that  he  commanded  three  hundred  stripes  (o  b« 
inflicted  on  the  sea,  and  a  pair  of  fetters  to  be  tbronn  inlo  it,  in. 
joioiug  those  who  Here  trust<;d  with  llie  eioculion  of  his  orders,  fa 
pronounce  these  words :  "  Thou  salt  and  bitter  element,  thy  master 
bos  condemned  thee  to  tliis  punishment,  for  offending  him  without 
cause;  and  is  resulved  to  pass  over  iliee,  in  spile  of  thy  billows, 
aod  insolent  resistance."  'J'he  eitrovai^ant  folly  and  madness  of 
this  prince  did  not  stop  here  ;  he  commanded  the  heads  of  ihuso 
vtho  had  the  direction  of  the  work  to  be  struck  ufl*. 

In  their  room  he  siipuinled  more  experienced  architects  to  build 
two  other  bridges,  one  for  the  army,  the  uiher  fur  the  beasts  of 
burden,  and  the  baggage.  When  the  whole  work  was  completed, 
and  (he  vessels  which  formed  the  bridges  secure  against  the  violence 
of  the  winds,  and  the  current  of  the  water,  Xerxes  departed  from 
Sardis,  where  the  army  had  wintered,  and  directed  hit  march  to 
Abydus.  V\  hen  he  arrived  at  that  city,  he  desired  lo  see  all  his 
forces  together;  and,  lo  that  end,  ascending  a  slaivly  e 
wbJte  stone,  w  hicb  the  Abydcnians  had  built,  on  purpose  li 
2  ?  3 
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him  in  a  manner  suitable  to  his  greatness,  he  had  a  free  proq^  to 
the  coast,  seeing  at  one  view  bodi  his  fleet  and  land  forces.    Tbe 
sea  was  corered  with  his  ships,  and  tlie  large  plains  of  Abydos  with 
his  troops,  quite  down  to  the  shore.    While  he  WM  avrrejing  the 
fast  extent  of  his  power,  and  deemhig  himself  the  most  happy 
of  mortals,  his  joy  being  all  on  a  sudden  tamed  into  grief,  he 
barst  out  into  a  flood  of  tears ;  which  Artabanus  perceiving,  asked 
liim,  what  had  made  him,  in  a  few  moments,  pass  from  an  eseanaf 
joy  to  so  great  a  grief.     The  king  replied,  that,  considering  the 
shortness  of  human  life,  he  could  not  restrain  his  tears  ;  for,  of  all 
these  numbers  of  men,  not  one,  said  he,  will  be  alire  an  hundred 
years  hence.     Artabanus,  who  neglected  no  opportunity  of  ia* 
stiUiug  into  the  young  prince's  mind  sentiments  of  kindness  towardi 
his  people,  finding  him  touched  with  a  sense  of  tenderness  and  hn* 
manity^  endeavoured  to  make  him  sensible  of  the  obligation  that  is 
incumbent  upon  princes,  to  alleviate  the  sorrows,  and  sweeten  the 
bitterness,  which  the  li? es  of  their  subjects  are  liable  to,  since  it  is 
not  in  their  power  to  prolong  them.     In  the  same  conversatioB, 
Xerxes  asked  his  uncle,  whether,  if  he  had  not  seen  the  vision  which 
made  him  change  his  mind,  he  would  still  persist  in  tlie  same  opi. 
nion,  and  dissuade  him  from  making  war  upon  Greece.  Artabaons 
sincerely  owned,  that  he  still  had  his  fears,  and  was  yerj  uneasy 
concerning  two  things,  the  sea  and  the  land ;  the  sea,  because  there 
were  no  port  capable  of  re<;^i?ing  and  sheltering  such  a  fleet,  if  a 
.  storm  should  arise ;  the  land,  because  no  country  could  maintain  so 
numerous  an  army.     The  king  was  very  sensible  of  the  strength  of 
bis  reasoning ;  but  as  it  was  now  too  late  to  go  back,  he  made  an- 
swer, that,  in  great  enterprixes,  men  ought  not  to  enter  into  so  nice 
a  discussion  of  all  the  inconveniencies  that  may  attend  tkem :  that 
bold  and  daring  undertakings,  though  subject  to  many  evils  and 
dangers,  are  preferable  to  inaction,  however  Safe:  that  great  sae- 
cesses  are  no  otherwise  to  be  obtained  than  by  venturing  boldly; 
and  that,  if  his  predecessors  had  observed  such  scrupulous  and 
timorous  rules  of  politlcSf  the  Persian  empire  would  never  hiit 
attained  to  so  high  a  degree  of  glory  and  grandeur. 

All  things  being  now  in  readiness,  and  a  day  appointed  for  the 
passing  over  of  the  army,  as  soon  as  the  first  rays  of  the  sun  began 
to  appear,  all  sorts  of  perfumes  were  burnt  upon  the  bridge,  and 
the  way  strewed  with  myrtle.  At  the  same  time,  Xerxes,  pouriog 
a  libation  into  the  sea  out  of  a  golden  cup,  and  addrea^ng  the  sao, 
implored  the  assistance  of  that  deity,  hegn^ng  tbat  he  might  meet 
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with  no  impediment  so  great  as  lo  hinder  him  from  carrying  his  can. 
quering  van  to  the  utmost  limits  of  Europe.  TLis  done  he  threw 
the  cup  into  the  Hellespont,  with  a  golden  bowl,  and  a  Persian 
scimitar ;  and  the  foot  and  horse  began  lo  pass  over  that  briiige, 
«hich  was  next  to  the  Euxinp,  while  the  carriages  and  beaKtu  of 
burden  pasaed  over  the  othiT,  which  was  placed  nearer  the  ^gean 
sea.  The  bridges  were  boarded,  and  covered  over  with  earth, 
IwTing  railii  on  each  side,  that  (he  horses  and  cattle  might  not  be 
frightened  at  the  9ii(ht  or  (he  sen.  The  army  spent  srven  da^n  and 
Bights  in  passing  OTer,  though  (hey  marrhed  daj  and  ni-ht,  without 
iotermisliion,  and  were,  by  frequent  blows,  obliged  to  quicken  their 
pace.  At  the  same  time,  the  Qeet  made  to  the  coasis  of  Europe. 
After  th«  whole  army  was  passed,  Xerxes  adranced  with  his  land 
farces,  through  the  Thracian  Chersonesus  to  Doriscus,  a  city  at  the 
moDth  of  the  river  Hebrns,  in  Thrace  :  but  the  licet  steered  a  quite 
dilTerent  course.  Standing  to  the  westward  for  the  promontory  of 
Sarpedon,  where  they  were  commanded  to  attend  farther  orders. 
Xerxes,  having  encamped  in  the  large  plain)  of  Doriscus,  and  judg* 
lug  them  convenient  for  raviewing  and  numbering  his  troops,  dis. 
patched  orders  to  his  admirals  to  bring  the  fleet  lo  the  adjacent 
shore,  that  he  might  take  an  account  both  of  his  sea  and  land  forces. 
Bis  land  army,  upon  the  muster,  was  found  to  consist  of  one  mil- 
lion seven  hundred  thousand  foot,  and  foumcore  thousand  horse  ; 
which,  together  with  twenty  thousand  men  that  conducted  the 
camels,  and  took  care  of  the  baggage,  amoonted  to  one  million  eight 
hundred  thousand  men.  His  fleet  consisted  of  twelve  hundred  and 
•even  large  ships,  and  three  thousand  gallics  and  Irauaports  :  on 
board  all  these  vessels,  there  were  found  to  be  five  hundred  and 
seventeen  thousand  six  hundred  and  ten  men.  So  that  the  whole 
number  of  sea  and  land  forces,  which  Xerxes  led  out  of  Asia  to 
invade  Greece,  amounted  to  two  millions  three  hundred  and 
seventeen  thousand  six  hundred  and  ten  men.  We  are  told,  that, 
OD  his  passing  the  Hellespont,  to  enter  Europe,  an  inhabitant  of 
thai  country  cried  out :  *'  O  Jupiter,  why  art  thnu  come  to  destroy 
Greece,  in  the  ^hape  of  a  Persian,  and  under  the  name  of  Xerxes, 
with  all  mankind  followine  thee  ;  whereas  thy  own  power  is  suifi. 
cient  to  do  this,  withoDt  iheir  assistance  ?"  After  he  had  entered 
Europe,  the  nations  on  this  side  the  Hellespont  that  submitted  to 
him,  added  to  his  land  farces  three  hundred  thousand  more,  and 
two  hundred  and  twenty  ships  tu  his  fleet,  on  board  of  which  wera 
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twenty»four  thousand  men.  So  that  the  whol«  aoaibtfr  of  kis  forcti, 
nrhen  he  arriTed  at  Thermopylas,  was  two  nillioiit  six  koadred  aad 
fortjr.oae  thousand  six  hundred  and  ten  men,  witboot  indudiag 
serraots,  eunuchi,  nomeni  sutlers,  and  other  people  of  that  sort, 
who  were  computed  to  equal  the  number  of  the  forces :  so  that  the 
whole  muUitude  of  persons  that  followed  Xerxes  in  this  ejipeditina, 
anioonted  to  fire  millions  two  hundred  and  eixhty.three  thousand 
two  hundred  and  twentj.  Among  these  millions  of  raeoy  there  was 
not  one  (hat  cruld  vie  with  Xerxes,  either  in  comeliness  or  statnrsy 
or  that  seemed  more  worthy  of  that  great  empire.  But  this  is  a  poor 
commendiition,  when  it  is  not  accompanied  with  other  qnalifica- 
tions*  Accordingly,  Justin,  after  he  has  mentioned  the  number  of 
his  troops,  emphatically  concludes,  '^  but  this  yast  body  wanted  a 
head.*'  B«'sides  the  subordinate  generals  of  each  natioo,  who  com. 
manded  the  troops  of  their  respective  countries,  the  whole  araiy 
was  under  the  command  of  six  Persian  generals ;  vis.  Mardonius, 
the  son  of  Gobryus;  Triatatcechmes,  the  son  of  Artabanos  ;  Smer- 
dones,  the  son  of  Otanes  (the  tw  j  latter  were  coustiis  to  Xerxes) ; 
Masistus,  the  son  of  Darius  by  Atossa ;  Gerges,  the  son  of  Ariazos; 
and  Megabyxui,  the  son  of  the  celebrated  Zopyrns.  The  ten 
thousand  Persians,  who  were  called  the  Immortal  Band,  obeyed  no 
other  commander  but  Hydarnes.  The  fleet  was  commanded  by 
four  Persian  admirals :  and  likewise  the  cavalry  had  their  particu. 
lar  generals  and  commanders.  {^Jnc»  TJniv.  Hist» 

aKCTIOIf  IV. 

Spectacle  of  a  Seajight  at  Rome^ 

Augustus,  to  dirert  his  mind  from  fixing  on  his  domestic  mis. 
fortunes,  exhibited  the  most  magnificent  and  expensit e  skews  that 
had  erer  been  seen  at  Rome.  Chariot  races  in  the  Circus,  repre- 
sentations on  the  stage,  combats  by  gladiators,  &e.  wero  now 
become  common.  Augustus,  therefore,  the  better  to  dirert  balk 
hintS4'lf  and  the  people,  revived  these  sports,  which  had  been  for  a 
considerable  time  laid  aside,  on  account  of  the  extraordinary 
charges  that  attended  them.  lie  caused  a  canal  to  be  dmg  eighteen 
hundred  paces  in  length,  and  two  hundred  in  breadth,  convejring 
into  it  the  Flaminian  water,  and  building  scaffolds  qaite  roimd  it, 
capable  of  holding  namberless  multitudes  of  spectators.  And  in. 
deed '  the  concourse  of  people  was  so  great,  that  tha  capdrar  was 
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obliged  to  place  guarils  In  all  qoarters  of  (be  city,  lest  the  Ihiefes 
tbould  hy  bold  or  that  o|)|ioriunity  lo  (ilund^r  the  empty  and  aban- 
d(il)«d  boui-es,  Augustus  had  TrFquently  entt'i'tjined  liie  people 
HJlh  lighti  or  lion),  lygers,  elephants,  rlimoceroses,  ftc.  but  now 
Ibe  new  canil  appesrtd  ail  on  a  tuddi'n  covered  ivith  crocodiles, 
of  «hkb  thirly-sii  were  killed  by  ICgyptians  bronchi  from  the 
bauks  or  the  Nile  fur  thut  purpose,  lite  multilud*«  were  highly 
delighted  liy  this  siglit,  which  Hui  quite  new  j  hut  the  tea-lij^hl, 
which  eniiU'd,  altorded  inem  itill  gre<iiir  diirtrriun  For,  at  the 
Ofipurtjle  ends  dI  the  lake  or  canal,  two  Beets  appeared,  the  gnlllei 
one  bi'iiig  built  after  the  Greek,  and  those  of  the  other  after  the 
Pcriian,  mitnner.  Both  fleets  engaged ;  and,  as  Ihpy  lougbt  in 
guuil  earnest,  most  of  (he  combatants  bein^  p'rsons  M-ntenced  (a 
^laih,  the  battle  pruied  lery  bloody.  \_Aae.  Univ.  Hist, 
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BttlDGES    AMD    LIGUT-KOCSES. 
SECTION   1. 


Bridges  most  curious  or  interetling, 
Ix  BHiDOE  is  (he  work  of  carpentry  or  masonry,  built  on  a  riT^r, 
canal,  ur  the  lake,  fur  the  ronrenieuce  of  passing  from  one  side  to 
Ihc  other  ;  and  may  be  considt-red  as  a  road  over  water,  supported 
by  one  or  more  arche»,  and  these  again  supported  by  proper  piers 
or  buttments.  fiesides  these  essential  parts,  may  be  added  the 
paving  at  top.  the  banquet,  or  raised  footway,  on  earh  side,  leav. 
ing  8  sufficient  brt-adlh  in  the  middle  for  horsrs  iind  carriages,  also 
the  parapet  wall  either  «i(h  or  without  n  balustrade,  or  other  orna- 
nental  and  useful  parts.  The  breadth  of  a  bridge  for  a  ^reat  city 
should  be  such,  as  to  allow  an  easy  passage  for  three  carriages  and 
two  horsemen  abrea)!  in  the  middle  way,  and  for  llirce  foot  pas. 
ituifn  in  the  flame  manner  on  each  banquet :  but  for  other  smaller 
bridges  a  less  breadth. 

The  conditions  required  in  a  bridge  are,  that  it  be  well  desired, 
commodious,  durable,  and  suitably  decorated.  I(  should  be  of 
iuch  a  hef|ht  as  to  be  qui(o  con*eoienl  for  the  passage  o»er  it,  and 
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yet  easily  admitting  througb  its  arches  tlie  Teoela  tbat  narigate 
upon  it,  and  all  the  water,  eren  at  high  tides  and  floods:  the  ne. 
gtect  of  this  precept  has  been  the  rain  of  many  bridges.  Bridges 
are  commonly  continued  in  a  straight  direction  perpendicular  to 
the  stream  ;  though  some  think  they  should  be  made  conrez  to* 
wards  the  stream,  the  better  to  resist  floods,  6cc.  And  bridges  of 
this  sort  have  been  executed  in  some  places,  as  Pont  St.  Esprit, 
near  Lyons.  Again,  a  bridge  should  not  be  made  in  too  narrow  a 
part  of  a  nayigable  river,  or  one  subject  to  tides  or  floods ;  be. 
cause,  the  breadth  being  still  more  contracted  by  the  piers,  this 
will  increase  the  depth,  velocity,  and  fall  of  the  water  ander  tlM 
arches,  and  endanger  the  whole  bridge  and  navigation.  There 
ought  to  be  an  uneven  number  of  arches,  or  an  even  number  of 
piers  I  both  that  the  middle  of  the  stream  or  chief  current  any 
flow  freely  without  the  Intenruption  of  a  pier ;  and  that  the  two 
halves  of  the  bridge,  by  gradually  rising  from  the  ends  to  the  nid* 
die,  may  there  meet  in  the  highest  and  largest  arch  ;  and  also,  tint 
by  being  open  in  the  middle,  the  eye  in  viewing  it,  wmj  look  di- 
rectly through  there.  When  the  middle  and  ends  are  of  diflerent 
heights,  their  difference  however  ought  not  to  be  great  in  propor. 
tion  to  the  length,  that  the  ascent  and  descent  may  be  easy;  aad 
in  that  case  also  it  is  more  beautiful  (o  make  the  top  in  one  coo* 
tinned  curve,  than  two  straight  lines  forming  an  angle  in  the  mid- 
dle. Bridges  should  rather  be  of  few  and  large  arches  thin  of 
many  smaller  ones,  if  the  height  and  situation  will  possibly  allow 
of  it ;  for  this  will  leate  more  free  passage  for  the  water  and  navi. 
gation,  and  be  a  great  saving  in  materials  and  labour,  as  there  wifl 
be  fewer  piers  and  centres,  and  the  arches,  &c.  will  require  less 
materials ;  a  remarkable  instance  of  which  appears  in  the  diff*erence 
between  the  bridges  of  Westminster  and  Bladifriars,  the  ei^MDoe 
of  the  former  being  more  than  double  the  latter. 

For  the  proper  execution  of  a  bridge,  and  making  an  estimate  of 
the  expence,  &c.,  it  Is  necessary  to  have  three  plans,  three  sec- 
tions, and  an  elevation.  The  three  plans  are  so  many  liorisontal 
sections,  viz.  first  a  plsn  of  the  foundation  under  the  piers,  widi 
the  particular  circumstances  attending  it,  whether  of  gratings, 
planks,  piles,  &c« ;  the  second  is  the  plan  of  the  piers  and  arches; 
and  the  third  is  the  plan  of  the  superstructure,  with  the  paved  road 
and  banquet.  The  three  sections  are  vertical  ones,  tlie  first  of 
them  a  longitudinal  section  from  end  to  end  of  the  biNge,  wi 
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Arongh  tbe  middle  of  ibe  breftdlh ;  (he  second  a  (ransrerae  one, 
or  across  it,  and  through  Ihd  (omniit  of  an  arch ;  and  the  third 
also  across,  but  taken  upon  a  pier.  The  eleralinn  Is  an  orthogra- 
phic projection  of  one  side  or  face  of  the  bridge,  or  its  appear. 
Biice  as  liewed  at  ii  distance,  shelving  the  exterior  aspect  of  the 
materiaU,  with  (be  manner  in  which  they  are  disposed,  &c. 

In  the  constiuclion  of  stone  bridges  many  difhculties  must  be 
encountered,  particularly  those  of  laying  foundations  and  walling 
under  wa(er  ;  these  are  best  overcome  by  means  of  the  coOer.dam. 
A  due  regard  must  be  paid  to  the  size  and  shape  of  the  arch,  and 
(be  magoiiude  of  (he  pier.  Much  ioformalion  on  these  suhjecd 
nay  be  obtained  from  the  works  of  Albetti,  Ganlier,  Blonde  Rio, 
Falladio,  Labelye,  Perronet,  and  the  iogenions  and  nsefol  trea. 
tiles  of  Dr.  Hutton  and  M.Bassoet. 

The  chief  fureign  bridges  are,  the  bridge  of  Trajan,  over  (he 
Danube,  the  bridge  of  Avignon,  the  Pont  de  Garde,  in  France, 
the  bridge  at  Monster,  in  Bothnia,  the  aqueduct  bridge  of  Alcan- 
tara, near  Lisbon,  and  tlie  llialto  of  Venice.  There  are  nearly 
5(X)  biidges  of  ditferent  siies  ofer  the  canals  at  Venice.  The 
Rialto,  the  principal  of  the^e,  is  esteemed  a  master-piece  of  arc : 
it  consists  of  one  Hat  and  bold  arch,  nearly  100  f«et  span,  aud 
only  33  feet  high  aboie  the  water,  and  was  built  in  1588,-1591, 
after  a  design  by  Michael  Angelo.  The  breadth  of  the  bridge, 
■rhich  is  43  feet,  ie  divided  by  two  rows  of  shops,  Into  three  nar- 
row streets,  that  in  the  middle  bein^  tlie  widest ;  and  there  is  in 
tbe  centre  an  open  archway,  by  which  tbe  three  streets  communi- 
cate with  one  BOother.  At  each  end  of  (he  Rialto,  is  an  ascent 
•f  56  steps  :  (he  view  from  its  samrait  is  very  lively  and  magnifi- 
een(.  The  whole  exterior  of  the  shops  and  of  the  bridge  ts  of 
marble.  The  foundation  extends  90  feet,  and  rests  upon  12,000 
elm  piles.     This  structure  cost  the  republic  350,000  ducats. 

We  h^ve  many  bridges  of  considerable  note  in  our  own  coon, 
try  :  such  is  the  bridge  at  York,  whose  master  arch  in  the  middle, 
is  82  feet  and  a  half  in  the  clear  wide,  and  37  feet  hiiih.  Roches. 
ter  bridge  is  built  in  (he  same  s(yl«  with  that  of  l,ondon  ;  it  is  550 
feet  long,  and  consists  of  II  arches,  the  biggest  of  which  is  more 
(ban  30  feet.  The  two  middle  arches  of  this  line  old  bridge  have 
been  recently  thrown  into  one  by  that  skilful  and  scientitic  archi- 
tect Mr.  Daniel  Alexander.  The  bridge  of  Blenheim  consists  nt 
L     tiiree  arcbes,  the  chief  of  which  spans  101  i  feet.  There  is  a  bridge 
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the  taste  and  on  the  plaQ  of  the  Rialto,  at  Venice.  There  U  i]jt 
in  the  same  style,  a  lery  remarkable  bridge  in  Wales,  bailt  bj 
William  Edwards,  a  country  4nasoD,  over  the  Hirer  Taaf,  near 
Caerphilly  in  Glamorganshire.  It  is  do  more  than  eight  feet 
broad,  but  consists  of  a  single  arch  no  less  than  140  feet  wide,  part 
of  a  circle  of  175  feet  diameter,  so  as  to  make  the  altitude  35  feet. 
The  arch  of  this  bridge  is  between  40  and  50  feet  wider  than  the 
celebrated  Riallo  of  Venice,  In  order  to  lessen  the  quantity  of 
matter  in  the  abutments  pressing  upon  the  arch,  and  thereby  to 
bring  it  to  an  equipoise  with  that  in  the  crown,  Edwards  contrifed 
three  circular  arches  in  the  abutments  ;  which  pass  throagh  from 
side  to  side  like  round  windows,  and  gradually  decrease  in  iht 
ascent. 

The  longest  bridge  in  England  is  that  ofer  the  Trent,  at  Burton, 
built  by  Bernard,  abbot  of  Burton,  in  the  twelftb  century ;  it  b 
all  of  squared  free.stone,  strong  and  lofty,  1545  feet  in  length, 
and  consisting  of  34  arches.  Yet  this  comes  far  short  of  tbe 
wooden  bridge  o?er  the  Dra?e,  which,  according  to  Dr.  Brown,  ii 
at  least  6tc  miles  long. 

The  triangular  bridge  at  Croyland,  in  fJncoloshire,  which  was 

erected  about  the  year  860,  is  said  to  be  the  most  ancient  gQthic 

structure  remaining  entire  in  the  kingdom.    There  are  two  cir. 

cumstances^  in  the  construction  of  this  bridge  which  render  it  an 

object  of  great  curiosity.     First,  it  is  formed  by  three  semi-arches, 

whose  bases  stand  in  the  circumference  of  a  circle*  at  equal  dis- 

stances  from  each  other:  these  unite  at  the  top,  and  the  fri  une 

nature  of  the  structure  has  led  some  to  imagine  it  was  intended  as 

an  emblem  of  the  Trinity.     Secondly,  the  ascent  on  each  of  tht 

semi.arches  is  by  steps  paved  with  small  stones,  and  is  so  steep  that 

none  but  foot  passengers  can  go  over  the  bridge  :  horsemen  and 

carriages  frequently  pass  under  it,  as  the  river  in  that  place  is  but 

shallow.     For  what  purpose  this  bridge  was  really  designed,  it  is 

difficult,  if  not  impossible  to  determine.     Utility,  it  is  obvious, 

va«  one  of  the  least  motives  to  its  erection.    To  boldness  of  design, 

and  singularity  of  construction,  it  has  more  powerful  claims;  and 

these  qualities  it  must  be  allowed  to  possess  in  as  great  a  degree  u 

any  bridge  in  Europe.    London  bridge  consista  of  80  locks  or 

arches,  whereof  19  are  open,  and  one  filled  up  or  obacnred;  it 

is  900  feet  long,  60  high,  and  74  broad,  and  almost  90  leet  aper. 

ture  in  each  arch.    It  is  supported  by  18  piers  or  solids,  from  34 

to  25  feet  thick  ;  so  that  the  greatest  water^way^  when  the  lids  b 
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Ion  the  sltrlin^s,  is  490  feet,  srarce  iialf  the  width  of  the  riter  ; 
I  bfloir  Die  iterlings  the  water-way  is  reduced  to  ittl  tett. 
!riiiii  ft  rivfr  fiOO  fert  widp,  is  here  forced  through  a  chinnel  of 
194  feet.  This  btiilgo,  it  is  expected,  will  be  taki-n  down  ere 
lnn<,  and  one  of  rast  iron  has  b<!en  proposed  to  be  erected  m  lieu 
of  iL  Opinions  nre  modi  diiiJvd,  howercr,  as  to  the  propriety  of 
such  an  erecliun,  but,  as  to  the  oecc^sily  of  anfw  bridge  there 
can  be  no  doubl ;   the  piling  of  (he  old  one  being  in  such  a  con> 

^kiona*  to  place  the  whole  slructcre  in  3  Terj>precariaus  state, 

WmOt  nodcrn  bridgos  (h-re  are  fe  w,  if  any,  which  eic«l  the  West. 

Blnsler  and  Blackfrim'  bM-et  over  the  tirer  Thami-s.     The  for. 

"taier  b  litO  feet  lou^,  and  44  feet  wide,  having  a  commodious 
foot-path  on  each  tide  for  pBurngtrs.  It  consists  of  ISarchn} 
was  finished  in  ITfiO,  and  co^t  3fi0,5OO/.  The  latter,  nearly  oppo. 
si(«  Ibo  c-ntre  of  tlieciiy  of  London,  was  Snishi^d  in  I7?n;  it  con. 
liitcof  Starve  idtI  elegant  arches,  nearly  eliptical,  uf  which  tht 
cenir*  arch  is  100  fed  wide  r  the  brendth  of  the  liridga  is  4%  f<et, 
td  it»  length  frum  w!>arf  to  whurf  SD9.     It  cost  ll>0,840/. 

•  [Hiitfon.  Perronet.  Pantolog. 

SKCTION   tl. 

lig^ht-houtei,  tiemptified  bj/  tkoie  of  Phatclus,  Pharot,  and 
tht  Edd'jtlone  Rock*. 

A  iMBT-iiorse  is  a  builitin;  ereci>-d  upon  a  cagp  or  promontory 
I  tte  aeiuraast,  or  upon  some  rutk  in  (he  spa,  and  having  on  Its 
|i  In  the  nighl.timea  great  fire,  or  light  formed  hy  candles,  which 

Mnslaiilly  attended  by  iome  carefol  jiernon,  so  as  to  be  seen  at 
I^TMI  distance  from  the  Uiid.     It  is  used  to  direct  the  shippinifou 

•  coast,  dial  irightothL-rui^"  run  ashore,  or  steer  nn  improper 
mne  when  the  darkness  of  the  ni^ht  and  the  uncertainly  of  cur. 
Ml,  fic.  Wiii^ht  render  their  siltiiilion  with  regard  to  the  shoro 
itKinely  dpubtful.  I.amp.lighti  are,  on  many  accounlG,  prefer. 
)e  to  GOAl-Rres  or  caud1i->< ;  and  the  elTect  of  these  may  be  iiu 
Msed  by  placing  lliem  either  behind  glnss- hemispheres,  or  before 
ttperly  disposed  glass  or  metal  reBecton,  which  last  method  ti 
iw  »ery  generally  adopted. 
In  the  lupplcment  to  the  tlncyclopp'iia  Britannica,  under  the 

Reflector,  it  is  staled  that  "  Mr.  Thomas  Smith,  lin.p)a(« 
er,  Kdinbargh,  seems  to  have  conceived  the  tdcaof  illotnitiat. 
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log  lighUhotfBet  by  meus  of  kmpt  and  r^ecftors,  iMtaid  of  coiL 
fires,  withoat  knowiog  tkftt  aomeChiog  of  ihm  sano  kind  had  been 
loog  used  in  France ;  he  has  therefore  all  the  merit  of  an  infeotor, 
and  what  he  inrented,  he  has  carried  to  a  high  degree  of  per. 
fec«on.'» 

The  writer  of  this  article  has  certainly  been  misinformed,  for 
reflectors,  such  as  he  describes,  were  Inreoted  by  Mr.  Eickid 
Walker,  of  Lynn  Regis,  they  were  also  made,  and  fixed  up,  aader 
his  direction,  in  a  light-house  on  the  coast  of  Norfolk,  in  the  jctr 
1783,  and  in  the  year  1787,  at  the  request  of  the  trustees  appotttd 
by  act  of  parliament  for  erecting  four  light-honiet  on  the  northern 
parts  of  Great  Britain,  he  instructed  the  abore-mentiotted  Mr. 
Thomas  Smith,  in  this  method  of  constructing  UghtJionses. 

The  parabolic  moulds  used  by  Mr.  Walker  nod  Mr.  Smith,  irr 
from  three  to  fi?e  or  six  feet  In  diameter;  and  In  the  centre  or 
apex  of  each  Is  placed  a  long  shallow  lamp  of  tin*pUte,  fiHed  mik 
white  oil*     In  each  lamp  are  six  cotton  wicks,  almost  contigMiS 
to  each  other,  which  are  so  dbposed  as  to  burn  without  trbuung 
for  about  six  hours.    The  light  of  these  is  reflected  from  each  nir. 
ror  spread  ofer  the  conca? e  surface,  and  is  thus  multiplied,  is  it 
were,  by  the  number  of  mirrors.    The  stucco  moulding  is  cotered 
on  the  back  with  tin  plate,  from  which  a  tube.  Immediately  overtke 
lamp  proceeds  to  the  roof  of  the  light  room,  and  serves  as  a  fnad, 
throagh  which  the  smoke  escapes  without  sullying  the  faces  of  tk 
mirrors.    The  lighUroom  Is  a  cupola  or  lantern  of  from  eights 
twelfe  sides,  composed  entirely  of  glass,  fixed  in  cast  iron  fraacs 
or  sashes,  and  roofed  with  copper.     On  circular  benches  passing 
round  the  inside  of  this  lantern,  at  about  eighteen  inches  from  tke 
glass  frames,  are  placed  the  reflector  with  their  lamps,  so  as  tkat 
the  concave  surfaces  of  two  or  three  of  the  reflectors  front  OTeij 
point  of  the  compass,  and  throw  a  hlfae  of  light  in  all  directiom. 
In  the  roof  Immediately  over  the  centre  of  the  room  Is  a  hole, 
through  which  pass  all  the  funnels  already  mentioned,  and  whick 
serves  likewise  to  admit  fresh  air  to  the  lamps.    This  light*rooB  is 
fijmly  fixed  on  the  top  of  a  round  tower,  so  as  to  be  immoTeabie 
by  the  weather ;  aod  the  number  of  the  reflectors,  and  the  height  af 
the  tower,  are  less  or  greater  according  as  it  Is  th^  intention  thit 
the  light  should  be  seen  at  a  Irfs  or  a  greater  distance. 

A  man  judging  from  mere  theory  would  be  very  apt  to  condaam 
light-houses  of  this  kind  j  because  the  firmest  building  shakes  is  a 
violent  storm,  aod  because  such  shakiogy  ^  wmj  thinly  makt 
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tomelimea  (brow  Ihe  wh»l*  nys  of  light  into  the  itr,  and  tbn  mic. 
lead  the  b««ilder«d  seamen.  This  ojHnJon,  wr  know,  was  actualljr 
enlerlBiiied  of  them  by  one  of  the  profoundetl  jihilusopbers  and 
tDott  scienlific  m«chantciaas  of  Ibe  agp.  Experienre,  how(r*er, 
convinced  him,  as  «ell  as  the  public  at  large,  that  each  apprelien. 
■tons  are  groundleas,  and  (hat  li^bt-houies  with  lampt  and  reflectors 
■re,  in  tierj  point  of  f  iew,  preferahle  to  those  with  fires  buroing 
hi  the  open  air.  Tbey  are  sapporled  at  much  lets  eitpence;  tbair 
light  is  more  brilliant,  and  seen  at  a  ereater  distance,  »hiUt  it  can 
'nerer  be  obscareil  by  Bmoke,  or  beaten  down  on  the  lee  side  bv  a 
violent  gu»t  of  wind  ;  and  what  i>  perhaps  of  still  greater  import, 
knee,  the  reflector)  with  tfairir  lamps  may  be  so  Tariautly  plactd, 
tlwl  one  li^bl.house  cannot  be  tntstaken  for  another.  If  we  add 
to  oil  (his,  that  the  lamps  do  not  stand  in  need  of  (rimming  to  often 
Wopen  fires  require  fuel,  ami  (hat  the  light>man  is  n(-rer  es|i(ised 
eitfaer  to  cold  or  to  wet  by  aitendia^  to  his  duty,  we  mast  be  cob. 
Vincedtbal  light-bouses  vrith  reltectors  are  much  less  Itablr  to  ba 
neglect«d  in  stormy  weather  than  those  with  open  fires,  and  that 
tkii  rircumstance  alone  would  be  enough  to  gite  the  former  a  pre. 
fuence,  almost  incalculable,  over  the  latter. 

Acrording  to  Josephus  one  or  two,  and  perh.ip9  more,  of  the 
watcb-towers  of  Jerusalem  were  of  this  kind.  He  particularly 
speaks  of  the  Fhaselas,  which  he  describes  as  resembling  tiie  Fharos 
near  Aletau<lria,  but  much  larger,  and  calculates  it  as  «  squara 
building  of  forty  cubits  or  silly  feet  on  each  side,  and  ninety  en. 
bits  or  a  handred  and  thirty  feet  high. 

But  Ihe  ligfat-house  of  PiiBroa  acquired  a  much  higher  celebrity. 
It  was  commtured  by  I'tobmy  Sottr,  and  fliished  tome  yean  at. 
terwards  in  the  joint  reign  of  himself  mid  bis  son  Ptolemy  Puila. 
detphus.  It  is  commonly  callei!  ilie  Tower  of  Pharos,  and  wu 
csnnlrd  by  the  ancients  among  tiie  woaders  of  the  world.  It  nas 
a  Urge  square  structure  of  h  hite  marble,  on  the  lOji  of  which  brel 
were  kept  constantly  bumin);  Tiir  thf-  dirri'tion  of  sailnn.  It  cost 
Mght  hundred  talents,  which,  if  they  were  Attic  (alents,  amount! 
to  one  hundred  and  siaty  five  tluusand  pounds  sterling  and  np. 
wards;  if  Aleiindiinn,  (otwiec  tn«t  mm.  The  architect  employed 
bf  Ptolemy  in  tuis  wonrjt-cfnl  structure,  was  So^imtiis  of  Caidus, 
who  by  the  following  cr^'lj  drvice,  atiempt"d  to  usurp  Ihe  wbole 
^ery  of  it  to  l<iniHelf.  He  wis  a^de^l^]  (o  engrave  on  it  the  fol. 
Iswing  inscription  ;  "  K  n^  Pivl*tey  to  thv  i.ii(tB  (he  satiours  for 
Iha  benefit  of  tailon ;"  bat  iosiead  of  Piolciny't  uame,  be  cut  out 
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hif  own  in  the  solid  marble,  and  then  filling  up  the  boHov  of  ttii 
letters  with  mortar,  wrote  on  it  th«*  abore*mentiooed  inacriplioii. 
In  process  of  time  the  mortar  with  Ptol*'aiy*s  name  being  wore  of, 
the  following  inscriiitlon  appeared  ;  ^^  Sostratus  the  Cnldian,  the 
son  of  DexiphancB,  to  the  gods  the  safiovrs  for  the  benefit  of 
sailors."  This,  as  it  was  engrared  on  the  solid  marble,  lasted  is 
long  as  the  tower  itself.  This  wonderful  work  has  been  demdisM 
some  a|;ps  since  ;  and  now  in  its  place  stands  a  castle,  as  oar  no* 
dern  travellers  informs  us,  called  Farillon,  where  a  garrison  is 
kopt  to  defend  the  harbour.  Pharos  was  originally  an  island  aboat 
seren  furlongs  distant  from  the  continent,  to  which  it  was  after* 
words  join«*d  by  a  causey,  it  being  se?en  furlongs  In  length.  This 
was  the  work  of  De\ipbanes,  the  father  of  Sostratoa,  who  con* 
pleated  it  at  the  same  time  that  his  son  pat  the  last  band  to  tiM 
tower.  As  they  were  both  celebrated  architects,  Ptolemy  emplojed 
them  in  these  and  many  other  works,  which  he  undertook  for  the 
adorning  and  strengthening  Aleiandria,  the  metropolis  of  hlsking* 
dore.  Amianus  Marcellinus  ascribes  the  b**ptastadiuiii  to  qucei 
Cleopatra  |  but  as  he  contradicts  therein  C»sar  in  hit  Commenla* 
ries,  and  all  the  ancients  who  speak  of  that  great  work,  his  autho- 
rity is  of  no  great  weight  with  us, 

Nicholas  Lloyd  tells  us  out  of  a  manuscript  copy  of  the  Grtck 
scholiast  on  Locian,  whose  fery  words  he  quotes,  that  this  tower 
was  a  square  structure  of  a  furlong,  or  six  hundred  foot  oa  each 
side,  and  so  high,  that  It  was  seen  at  the  distance  of  an  hundred 
miles.  Eben  Adris,  an  Arabic  writer,  in  his  book,  which  the  Lk 
tin  transistor  styles  Oeogmphia  Nnliiensis,  says,  that  this  tower 
was  three  hundred  cubits,  or  four  hundred  and  fifty  §oot  blglu 

In  our  own  day  the  most  celebrated  light  house  is  that  built  ea 
the  Eildystune.rocks.  I'hose  are  situate  nearly  S.S.W*  froia  (hi 
middle  of  Plymouth  sound,  according  to  the  true  meridian.  Tha 
distance  from  the  port  of  Plymouth  is  nearly  fourteen  miles,  aad 
from  the  promontory  called  Ramhead  about  ten  miles.  They  art 
almost  in  the  line,  but  somewhat  within  It,  which  joins  the  Start 
and  the  Lizard  points ;  qnd  at  they  lie  nearly  Ifi  the  dlrectioo  of 
vessels  coasting  ap  and  down  the  channel,  they  were  necessarllyi 
before  the  establi«hment  of  light.bou^e,  ?ery  dangerous,  and  ohm 
fatal  to  ships  under  such  circumktances.  Their  situation,  likewitti 
with  regard  to  the  bay  of  Biscay  and  Atlantic  ocean,  is  aoch,  that 
they  lie  open  to  the  swells  of  the  bay  and  ocean  from  all  tbe  toath* 
western  polott  of  the  compass :  whicb  swelb  are  generallj  aiiowaA 


LiaHT-UOUSESk  593 

by  m&riners  io  be  ?ery  great  and  heiiyy  in  those  seas,  and  particu- 
larly ID  the  bay  of  Biscay,  It  is  to  be  ohserretl,  thut  the  sound, 
in^s  of  the  sea  from  the  south-westwunl  towarr]  the  Kddystone  are 
from  eighty  fathoms  to  forty,  and  <.Yirywh«*re  till  >ou  com**  n^ar  the 
Eddystone  the  sea  is  fuli  thirty  fathoms  in  depth  ;  so  that  all  the 
heafy  sras  from  the  south-west  come  uncontrouled  upon  the  Kddy* 
Stone  rocks,  and  break  on  them  witA  the  utjiost  fury. 

The  force  and  height  of  these  seas  is  increased  by  the  circam* 
stance  of  the  rocks  stretching  across  the  channel,  in  a  north  and 
south  direction,  to  the  length  of  abofe  a  hundred  fathoms,  and 
by  their  lying  in  a  sloping  manner  toward  the  south. west  quarter. 
This  striTingof  the  rocks,  as  it  is  technically  called,  does  not  cease 
at  low  water,  but  still  goes  on  progressively  ;  so  that,  at  fifty  fa. 
tboms  westward,  there  are  twelve  fathoms  water  ;  nor  do  they  ter. 
aainate  altogether  at  the  distance  of  a  mile.  From  this  configura* 
don  it  happens,  that  the  seas  are  swelled  to  such  a  decree  in 
atoms  and  hard  gales  of  wind,  as  to  break  on  the  rocks  with  the 
ntrnoft  violence. 

The  effect  of  this  slop«»  is  likewise  sensibly  felt  in  moderate,  and 
even  in  calm  weather;  for  the  librmtion  of  the  water,  caused  in  the 
bay  of  Biscay  in  hard  gales  at  sooth. west,  continues  in  those  deep 
waters  for  many  days,  though  succeeded  by  a  calm  ;  insomuch, 
that  when  the  sea  is  to  ail  appearance  smooth  and  even,  and  its 
tnrfaoe  nnmffled  by  the  slightest  breese,  yet  those  librations  still 
con thioing,  which  are  called  the  ground  swell,  and  meeting  the 
slope  of  the  rocks,  the  sea  breaks  upon  them  in  a  frightful  n*^n- 
aer,  to  as  not  only  to  obstruct  any  work  l>eing  don**  on  the  rock, 
b«t  even  the  landing  up^n  it,  when  figuratively  speaking,  yon 
might  go  to  sea  in  a  valnot  shell.  A  circumstance  which  stiil 
Carther  increases  the  difficulty  of  working  on  the  rock  is,  there 
being  a  sodden  drop  of  the  surface  of  tl^  rocl^  forming  a  step  of 
about  fonr  and  a  half,  or  B^e  feet  high ;  so  that  the  seas,  which  in 
moderate  weather  cones  sweSCog  to  this  pert,  meet  §0  sodden  a 
check,  that  they  frtqnently  By  to  tl^  hei^t  o(  thirty  or  (ortj  irtU 

Notwithstanding  th^se  dificoltiei^  it  is  not  surprUing  that  the 
dangers  to  which  navigators  were  exposed  by  the  Eddystone  rocks 
should  ikff  a  comaercial  nation  desiroos  of  having  a  light*  hotue 
on  them.  The  wonder  b  that  any  one  shoold  be  found  hardy 
enougl  to  nadefft^e  the  huilAi^  Such  a  n^an  was  irtt  lound  in 
tbn  person  oi  Hmrj  Winrtanley,  of  litlkbory,  in  Esses,  g^nt. 

TOk.  n.  ^  o 
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who,  in  thc"  year  1696,  was  furnished  by  the  masfer,  wardens,  io2 
ass>istan(s,  of  the  Trinify  house,  of  Deptford  Strond,  with  the  ne. 
ccs«ary  powers  to  carry  the  design  into  execution*  lie  entfrcd 
upon  his  utidertal(inf(  in  1696)  and  completed  it  in  four  yetn. 
This  gentleman  was  so  certain  of  the  stability  of  his  structure,  tkt 
he  declared  it  to  be  his  wish  to  be  in  it  ^  during  the  greatot 
storm  tiiat  erer  blew  under  tlie  face  of  the  heaTens*"  Mr.  Wii« 
Stanley  was  but  too  amply  gratified  in  his  wish  ;  for  while  lie  was 
there  with  his  workmen  and  light-keepers,  that  dreadful  stora 
began,  whith  raged  roost  Tiolently  on  the  26th  of  NoTember  1^03^ 
in  the  night ;  and  of  all  the  accounts  of  the  kind  which  history 
furnishes  ns  with,  we  haTe  none  that  has  exceeded  this  in  Grett 
Britain,  or  was  more  injurious  or  extensire  in  its  deTastadoi. 
The  next  morning,  Nofember  27th,  when  the  violence  of  Ik 
sform  was  so  much  abated  that  it  could  be  seen  whether  the  light- 
houi»e  had  suffered  by  it,  nothing  appeared  standing,  but,  upoaa 
nearer  inspection,  some  of  the  large  Irons  by  which  the  work  va 
fixed  upon  the  rock  ;  nor  were  any  of  the  people,  or  any  of  thi 
materie.U  of  the  building,  ever  fonnd  afterwards. 

In  1709,  another  light.house  was  built  of  wood,  on  aireiy  dtf* 
ferent  construction,  by  Mr.  John  Rudyerd,  then  a  silkanercer  oi 
Ludgate.hill.  This  was  a  Tery  ingenious  structure  :  alter  it  W 
braved  the  elements  for  forty-six  years,  it  was  bamt  to  the  gnmA 
in  }75o.  On  the  destruction  of  this  light*house,  that  exoelieit 
mechanic  and  engineer  Mr.  Smeaton  was  chosen  as  the  fittest  pe^ 
son  to  build  another.  It  was  with  some  difficulty  that  he  was  ahh 
to  persuade  the  proprietors,  that  a  stone  building,  properly  con* 
structed,  would  in  all  respects  be  preferable  to  ooe  of  wood ;  bit 
having  at  last  convinced  them,  he  turned  his  thoughts  to  the  shipi 
which  was  most  suitable  to  a  building  so  critically  situated.  Re. 
fleeting  on  the  structure  of  the  former  buildings,  it  seemed  a  us- 
terial  improvement  to  procure,  if  possible  an  enlargement  of  ^ 
base,  w  ithout  increasing  the  size  of  the  waist,  or  that  part  of  tki 
building  which  is  between  the  top  of  the  rock  and  the  top  of  tk 
solid  work.  Hence  he  ihonght  a  greater  degree  of  strength  and 
sfiffncss  would  \:c  gained,  accompanied  with  less  resistance  to  tbt 
acting  power.  On  this  occasion,  the  natural  figure  of  the  wai^ 
or  bole  of  a  large  spreading  oak,  occurred  to  Mr.  Smeaton.  *^hA 
us  (says  he)  consider  its  particular  figure.  Connected  wiAi* 
roots,  whicblle  hid  below  ground,  it  rises  from  the  surface  vidi* 
|arge  swelling  base,  which  at  the  height  of  one  diameter  Is  gtee> 
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rally  redaced  by  an  elegant  cam,  concaie  to  Ihe  ey».  lo  a  diame- 
ter lessb^  at  least  one-third,  and  Bometimei  lo  half  it*  original 
base.  Froiu  thence,  its  taper  diminisliing  more  slnvly,  its  side* 
hj  drgrccs  come  into  a  jierpcndirolar,  and  for  some  height  rorm  a 
cylindpr.  Alter  timl,  a  preparation  of  more  circumference  be- 
comes necessary,  fortlie  «(rong  instrtion  andeslabUstiment  of  tha 
principal  bouglii,  nliich  produces  a  swelling  of  Ita  diameter.  Now 
we  can  hardly  donbl,  but  that  every  teclion  of  Ihe  Irfois  nearly  of 
in  equal  strength  in  proportion  lo  what  it  has  (o  resist;  and  were  we 
to  lop  aif  its  principaJ  boughs,  and  expose  it  in  that  itate  to  a  rapid 
current  of  water,  we  should  Gnd  il  as  capable  of  resisting  the 
action  of  the  header  fluid,  when  divested  of  the  greater  part  of 
its  clothing,  as  it  was  that  of  Ihe  lighter,  whtn  all  its  spreading 
oruamenb  were  exposed  to  the  fory  of  the  wind  ;  and  hence  we 
nay  derive  an  idea  of  what  the  proper  shape  of  a  culuinn  of  the 
greatest  stability  ought  to  be,  la  resist  the  action  of  eilernal  tio. 
lence,  when  the  quantity  of  matter  is  given  of  which  it  is  to  b« 
composi-d." 

With  these  views  as  to  Ihe  proper  form  of  Ihe  so  pen  tract  ore, 
tw.  Smeaton  began  the  work  on  the  2d  of  April,  1757,  and 
abhed  it  in  August  4,  1759.  The  rock,  tvhich  slopci  towards  Ihe 
.W.  i*  cut  into  horizontal  steps,  into  which  are  doretailed,  and 
aited  by  a  strong  cement,  Portland  stone  and  granite.  The 
'hole,  to  the  height  of  thirly-five  feet  from  the  foundation,  is  a 
slid  of  stones,  engrafted  into  each  other,  and  itnited  by  every 
leans  of  additional  strength.  The  boilding  has  four  rooms,  one 
Ter  the  other,  and  at  the  tup  a  gallery  and  lantern.  The  stone 
ioors  are  flat  above,  but  concave  beneath,  and  are  kept  from 
Tessing  against  Ihe  aides  of  the  building  by  a  chain  let  into  ihe 
rxlls.  It  is  nearly  eighty  feet  high,  and  since  its  rompletioa  has 
feeen  assaulted  by  the  fury  of  the  elements,  without  sufleriag  tha 
SDallesl  injury. 

We  regret  that  we  cannot  with  propriety  trace  oat  the  progr«M 
of  this  great  work,  and  shew  with  what  skill  and  judgment  this 
uparalleled  engineer  overcame  the  greatest  dithcullies:  we,  how. 
'•ver^  beg  to  recommend  lo  our  curious  readers  Mr.  Smealon's 
own  Account  of  the  Eddyslone  LighUhouae,  not  doubling  that  they 
Kill  be  highly  gralihed  by  the  perusal.  According  to  the  Kequisita 
Tables,  this  light-house  is  situated  la  lat.  S0.8  N.  Ldd.4.  ^]  W. 
•f  Greenwich,  or  4. 18.  33  W.  of  London. 
3  q2 
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CIIRONOLGICAL  TABLE  OV  M&CRANICAL  IMTEBTIOVS. 


Scirio  Nasica'8  clepsydra*              •                 .  B.  C.  150 

Scissors  invented  io  Africa 

Diophtntus  employed  some  algebraic  symbols.    MoDhicla* 

Pens  made  from  quills                   .                    ,  A.  D.  635 

Glass  Inttotiuced  into  England            •                 •  •          674 

Silk  worked  in  Greece  ^bout             •               .  .TOO 

The  Chinese  canal  806  miles  long,  finished  by  30,000  men 

in  43  years                 .       »           .                   •  -980 

Paper  of  linen  introduced  about             •             •  •         1100 
The  first  canni  in  England,  from  the  Trent  to  the  Witham        1 134 

Glass  comroooly  used  in  England       N  •             .  «         11  SO 

Some  Greek  wearers  settled  at  Venice             .  .        1207 

Liuen  first  made  in  England             •                  •  .        1353 

A  clock  at  Westminster  Uall  about                 •  •        13S8 

A  clock  at  Canterbury                •                   •  ,         1392 

Faeoza's  earthen  ware  infented             .               •  •        1399 

Windmills  invented                :                •             •  :        1299 

Cannons  invented             •                .                 •  •         1330 

Two  weaver's  from  Brabant  settled  at  York       •  .1331 

Wire  invented  at  Nuremberg             •                 •  »         1351 

Gunpowder  used  according  to  Langlais  •         133S 

Battle  of  Cressy                •                •                .  ,         1346 

Gunpowder  used  at  Lyons  in  Brabant  Wiegleb  •         1356 

Mu.«kets  u&ed  at  the  siege  of  Arras                  .  «         1414 

Engraving  on  metal  and  rolling-press  printing  invented  1433 

Printing  invented  by  Faust             •                 •  •         1441 

Delft  ware  invented  at  Florence                   •  •         1450 

Printing  made  public  by  Gutenberg                •  •1458 

Wood  cuts  invented                  .                     •  .1460 

Casts  in  plaster,  by  Verocchio            •              .  •         1470 

Watches  aiade  at  Nuremberg            •                 •  •         1477 

Diamonds  |)olished  at  Bruges             .                 •  •         1489 
Shipping  improved,  and  port  boles  invented  by  Decharges        1500 

Hats  made  at  Paris            •                •                 .  •1504 

Etching  on  copper  invented            .                 .  •         1513 
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Proportional  compasses  imrenM  bj  L.  da  Viad,  before  1519 

Sptnoio^.wbeel  iorented  by  Jiirgea  of  Bronsikick  •  1530 

Fios  broosht  frooi  France                •                •  •  1543 

Needles  nude  in  England            .                   •  •  1545 

Air  guns  made  at  Nar«Biber]g  .  I5G0 

Stockings  first  knit  in  Spain  about                  •  .  1550 
Many  Fkmifth  weavers  were  dnren  to  England  bj  tbe  Duke 

of  AWa's  p«»rsecution                  •                   •  •  1567 

Three  clockmaCers  came  to  England  from  Delft  •  1558 

Log  line  used                 •                •                  .  .  1670 

Coaches  used  in  England  ...  1580 

Bombs  invented  at  Venloo  ,  1688 

Stocking  weaving  in?ented  bj  Lee  of  Cambridge  1689 

A  slitting  n-.ill  erected  at  Dartford                  •  •  1590 

New  HiTer  brought  to  London            .                .  .  1614 

The  dimeusions  of  bricks  regulated                  •  •  1695 

Vernier's  index  made  known             •                 •  •  1531 

Clocks  and  watches  generally  used  about  •  1631 
Bows  and  arrows  still  nsed  in  England,  and  artillery  with 

stone  bullets                 •                .                 .  •  1640 

Newton  bom                 •                .                  •  •  1643 

Guericke  invented  the  air  pnmp  .  1654 

Fromantil  is  said  to  have  applied  pendulums  to  clocks  in  1655 

Hook'tt  watch  with  a  balance  spring  •  1668 

Hooke  finished  his  air  pump  .  •  1668 

Savery  had  er^ted  steam  engines            ,  ,  1605 

Chain  shot  invented  by  Dew  it             .                 *  •  1665 

Threshing  machines  with  flails  invented               •  •  1700 

China  made  at  Dresden             •            •              •  •  IJOi 

China  made  at  Chelsea             •             •               •  •  1763 

Wedgwood's  improvements  in  pottery       .      •  •  1763 

Muslins  made  in  England                 •                 •  •  1781 

Balloons  invented  by  Montgolfier            •             •  *  1783 

Lunardi  ascended  in  Moorfields  •  1784 

In  1787  about  twenty- three  million  pounds  of  cotton  were  ma. 
nnfactured  in  Britain ;  about  six  w€re  imported  from  the  British 
colonies,  six  from  the  Levant^  and  ten  from  the  settlements  of  other 
European  nations.  Half  the  quantity  was  employed  in  white 
goods,  one.fourth  in  fustians,  one  fourth  in  hosiery,  mixtures,  and 
candle  wicks;    giving   emoloyment  to   50,000   spinners,    and 
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560,000  other  manufarturen.     In  1791,  the  qoantitj  was  in. 
creased  from  tweatj.three  millions  to  thirtj.two« 

The  value  of  the  wool  annually  manufactured  in  England  isahost 
three  millions  sterling ;  it  employs  abo?e  a  mUlion  persons,  who 
receive  for  their  work  about  nine  millions. 

Thread  has  been  spun  so  fine  as  to  be  sold  for  j£4  an  ounce; 
lace  for  £  40* 

The  premiums  annually  proposed  by  the  Society  for  (he  Eocoo* 
ragement  of  Arts,  enable  us  to  form  some  opinion  of  the  presest 
state  of  our  machinery  and  manufactures.  Some  of  their  objects 
are,  a  substitute  for  white  lead  paint,  a  red  pigment,  a  machine 
for  carding  silk,  cloth  made  from  hop  stalks^  paper  made  from  raw 
vegetables,  transparent  paper,  the  prevention  of  accidents  from 
horses  falling,  cleaning  turnpike  roads,  machines  for  raising  coab, 
and  for  making  bricks,  instruments  for  harpooning  whales ;  ma. 
chines  for  reaping  or  mowing  corn,  for  dibbling  wheat,  for  thresh, 
ing  ;  a  family  mill,  a  gunpowder  mill,  a  quarry  of  millstones;  aad 
a  mode  of  boring  and  blasting  rocks  1 80^ 

[Luckombe'9  Tablet  of  Memory.  YoungU  Nat.  PUL  Ediu 
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TABLB  or  ANCIENT  IfBASUBBS  AND  WEIGHTS. 

SECTION  I. 

Ancient  Measures. 
Arabian  foot  1.095  Engl  Button 

Babylonian,  foot  .  {  1,135  Hutton 

Drusian,  foot        .  .  1. 090  Button 

Egyptian,  foot  «  1.421  Button 

Eg}p(ian,  stadium  730.8 

Greek,  foot         •  .  1.009  Button 

1.006 1  „  .,  ,   ^ 

J  QQ7/Folkes,  1/  RoBMUi  f. 

1.007  Carallo 
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Greek,  phyleterian  foot  1.167  Hattoa 

Ilehrew,  foot         •         •  1.212  Ilutton 

Ilehrew,  cubit  .         1.817  Huttott 

Hebrew,  sacred  cubit  2.002  Hutton 

Hebrew,  great  cubitr=6  commoo  cubits.     Hutton 


IVIacedonian,  foot 
Natural  foot 
Ptolemaic = Greek  foot 
Romau^  foot 


1.160  HuttOD 
.814  Hutton 
Hutton 
•970  Bernard 
•967  Picard  and  Grearet 
.966 


Folkes 


.9fi7/ 

.970  before  Titus.  Raper 
.965  after  Titus.  Raper. 
.9672  from  rules.   Shuckburgh 
.9681  from  buildings.  Shuckburgh 
.9696  from  a  stone.  Shuckburgh. 
.967  Hutton 
Roman  mile  of  Plinj  4840.5  Cavallo 
Roman  mile  of  Strabo  4003. 
Sicilian  foot  of  Archi. 
medes  .        .730  Hutton 
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Ancient  IFeighti. 


1.  Greek  fVeighti^  in  English  Grains. 


Attic  obolus 


8.2  Christiana 
9.1  Arbnthnot 
51.9  Christian! 
54.6  Arbuthnot 
3892.  =75  drachms.    Christiani 
5189.  =100  drachms.  Chrlitiani 
5464.     Arbuthnot 
6994.     Arbuthnot 
Attic  and  other  talents=60  minae 
Old  Greek  drachm  146.5  Arbuthnot 

Another  Greek  drachm    62. 5=:Roman  denarius.  Arbnthnot 


Attic  drachma 

Attic  lesser  mina 
Attic  greater  mina 

Attic  medical  mina 
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Old  Greek  miaa  6425.  Arbotfanot 

Ei^ypiian  mioa  8326. 

Ptolemaic  mioaof  Cleo* 

patra  .         8085. 

Alexandrian  mina  of 


Dioscorides 

Denarius 

Oance 

Pound  of  10  ounces 
Pound  of  12  ouRcei 


9993. 

Roman  fVeighii. 

51.9  Christian!  j- oz. 

0i.5  Arbntbnot  f  oz. 

415.1  Christiani 

437.2  Arbuthnot 
4151.  Christiani 
4081.  Christiani 
5246.  Arbuthnot 
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<4  BA  SO,  description  of  llie  balljs  of, 
»■.   ITO 

Abrrdrm,  remirkablr  itonn  at,jv,9l3 

Jiiermliou  or  the  fixed  ilari,  disco- 
very of,  i,  33 

Aiyv,  on  the  great,  t,  S3S 

Ah^uinia,    mouiitnini  in,   Ji,  479;  on 
the  niiiaof,  iv,  144;  winds  in,  ing 

Aatitnif  of  scieucei,  iiiBtituIioi.  ofthe, 
i.  33 

Arid,  on   the   atmosplieric   carbonic, 
iv,  19 

Aeidulovt  waters,  anaIyBiaof,iii,  IBS 

Aronitt,  expprimciita   with  the  juice 
erf,  V,  230,  830 

jlrrofrn,  account  of  the  iile  of,  i,  497 
Attinia,  or  sea  aiiemoiie  dcaoribed,  v. 


Aditrthtry,  remarkable  cavern  at,  li,  79 
AJhum,  remain!  of  the  vitia  of,  iii,  6S 
f  na/globci,  how  made,  vi,  939 
XrolUtt,  remarkable   Hhowcr  of,   i», 
4J9  i  general  history  of,  4SS ;  nua- 
ljsisor,470j  origin  of,  475 
Xrettaian,  principle*  of,  vi,  63 ;   his- 
torical account  of,  64 
Xi,  ou  the  antieot.  vi,  9S3 
Affinil^i  nature  of  chemicnt,  vi,  133 
Afrira,  volcaooM  of,   f,  467  i    metals 
and  ores  of,  ii,  909  -,  mouutaius  of, 
428 :  on  the  rivers  of,  iii,  13 ;  dnerl* 
of,  ii  ,483;  oil  the  cltmateof,  if,  sa 
Agarir,  the  cause  of  fairy-rings,  r,  3 1 8 
^^M  found  in  Scot]aiid,ii,seO;  nott. 
j4;>Mtur,a(-connlofthelakeof,  iii,  i43 
Agric«la,  George,  cburaeterof,  vi,  [I 
Air,  on   ihe  properties  of  the,  iv,  4  ; 
iiutrumeiits   fur  measurini;  tfae,  B  ; 
remarkable  lights  in  the,  40Q,  4lQ 
Aiz,  account  of  the  hnths  of.  iii,  1(39 
AU-la-cLauellt,  nilDeral  :ipringf  at,  iii, 

lfi6 
Akkabo^t,  raravBDs  so  named,  ii,  481 
Albtrti,  affecting  story  of,  ii,  333 
Atrhemv,  antiquity  of,  vi,  5 
AUitkoC  experimeuts  on,  v,  296 
Alegmudria,  account  of  the  tcbool  of, 

i,  g ;  tlie  atadiutn  of,  1 1 
Jfb^ian^mouutsiiis  described, ii,  431 
Allitr,  St.  remarkable  bridge  of,  iii.iGg 
Alligalor,  descriptiou  of  tkie,  v,  iSU 


.4/^iicin/ formations  oflheearlli,  i,  Siti 
Almicanttrt,  definition  of,  i,  307 
Aimondt,  on  the  essential  oil  of  bitter, 

V,  aeg.  236 
Aloti  tree  described,  v,  \Ql 
Aiohabets,  invention  of,  vi,  351 
^/pAonm  of  Castile,  account  of,  t,  19 
Alpine  plants,  account  of,  v,  34 
Alju,  general  tiescripliou  ofthe^  ii,  410 

waterf-ills  in  the,  iii,  919,  red  anow 

onthe.iv,  173;  paasageof Hauuibal 

overthe,  vL,  173 
Alum  collect  cd  in  Solfatanf,  i,  596 
Jtaazotti,  description  of  tlie  river  of, 

iii,  4.^ 
Ambeiyrit  on  the  coast  of  Ireland,  ii, 

177 
Amtrira,  volcanoesof,  1,479;  tnctals 

and  mines  of,  ii,  999;  mineralogy  of 

north,   313  ;    mountains  of,    4^1; 

river*  in  north,  iii,  3S ;   in  south,  44 
iffniiiRlAiu,dest:ription  ofthe,  ii,  393 
Atnmoniaf,  on  causlic,  iii,  I90 
.l;»nio';iWiirn,  properties  of  the  gum, 

V,  aofl 

Ammoniaa  fountain,  its  existence  prov- 
ed, iii,  140 
Antpkihiali,  particulars  of.  v,  Q4S 
Ampkucii,  what,  i,  313 
Amphilheatre  of  VespoKian,  tCcouDt  ef. 

iii,  07 
Amiltrdaiit,  description  of  the  isle  of, 

iv,  109 
Anati/rit,  olMervations  on  matheniali- 

cai,  i,   ]7« 
Anaxagorat,  system  of,  1,  7 
Anaiiiiaader,  niupa  constructed  b)',  i, 

398 
Andts,  remarkable  caves  in  the,  ii,  31  ; 

description  of,  434  ;  temperature  of 

the,iv,  61;  rain  in,  119 
Aaglttty  copj>er-mine«,aceount ofthe. 
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i,313 
Angvilnra  bark,  aaconnt  uf,  ' 
AnimallHlf  Jeaeri  bed,  v,  3 14 
.^Hin(af«,cliuracteriHtJi3i>f,  V,  I ;  cli 

fication  of,  V,  39.'> 
Anio,  Bcenery  on  the  river,  iii,  67 
Aat,  natural  history  of  Ihe,  v,  419; 

count  of  the  white,  ib.  471 
jKlvtie  urcle,  voyages  to,  iv,  B9 


I 


INDEX. 


Anthony,  of  Ihe  falls  of  St  iii,  225 
A  ntiock  dest  roved  by  earthquakes,  ii,  2 
Antiparos,  reinarkal)le  grotto  of»  ii,  77 
Antipodes  defiued,  i»  314 
Antiquities  found  in  LincolDshiret  ii» 
917  ')  Vorkkliire,S227 ;  Herculaneum, 
2'20  ',  Fonii>cii,  ^48  *,  Iudustria»  t3Q  ; 
Leadenhall-strcet,  266 
Antisana,  volcano  of»  i,  490 
Antcpci,  definition  of  the,  i,  314 
Antrim,  curiosities  of,  i,  27 1 
Apes  hills  in  Africa  described,.  ii»  428* 
AppalUichiaic  mouotains  described,  ii, 

431 
A  Apennines,  description  of,  ii,  418  ;  lu- 
minous appearance  of  the  snow  in, 
iv,  501 
Aqnmtic  plants,  v,  23 
Arabia,  deserts  of,  ii,  483 ;  beat  in»  iv, 

78;  rains  seldom  in,  156 
Arabians,  astronomy  of,  i,  19;  know- 
ledge of  chemistry  by  the,  vi,  6 
Araraty  situation  of  mount,  ii,  424 
Arches,  luminous,  iv,  421 ;  iridiscent, 

ib.  526 
Archimedes,  account  of,  vi,  458,  465 
Architecture,  on  the  science  o(  vi,  465 ; 

on  naval,  ib.  513 
Arctic  circle,  chmates  within,  iv.  Ill 
Areca  nut,  account  of,  v,  60 
Jristarchus,  account  of,  i,  l6 
Aristotle,  physics  of,  i,  2l6;  on  mea- 
suring tlie  earth,  299 
Arh  of  Noah  described,  vi,  513 
Arrows,  poisoned  ones  of  the  Indians, 

r,  207 
Arts,  on  the  imitative,  vi,  408 
Jrvo  in  Savoy,  scenery  of  the,  iii,  220 
Arzila'm  Barhary, earthquake  at,ii,4l 
Asbestos,  account  of  the,  ii,  391 
Ascii,  definition  of  the,  i,  313 
Ashes,  a<*count  of  a  shower  of,  iv,  lG-1 
Ashly,  Northamptonshire,  storm  at,  iv, 

252 

Asia,  population  of,  i,  316  ;  volcanoes, 

464;  mines  of  precious  stones,  ii, 

287 ;  mountains,  4'i3 ;  rivers,  iii,  10 

Asphaltites,  description  of  the  lake,  iii, 

253 
Asphaltnm,  specific  gravity  of,  iii,  151 ; 

experiments  on,  ib.  254 
Atpic  •f  Cleopatra,  on  the,  v,  580 


Assa-fatida  plant  described,  r,  il? 
Astcrtas,  or  star- fish,  descriptioa  0(1, 

364 
Astrolo^,  origin  of,  i,  4 
Astronomical  symbols  explained,  i,  $j 
Astronomjf  of  the  antients,  i,  I ;  ■»• 
deru  Europe,    19 «  general  notkxs 
on,  34 ;  elements  o^   144  ,  genfrd 
remarks  on,  189 ;  future  progresioi; 
206 
Atheism,  observations  on,  i,  215 
Athens,  sculpture  and  architectuit  sC 

▼i,  540 
Athos,  description  of  mount,  ii,  40S 
A  tlantic  ocean ,  observations  on,  iii.  Sit 
Atlas  mountains  described,  ii,  428 
Atmosphere,  ebeervatioiis  on  the  sohr, 
i,  51;   of  the  earth  described,  ib. 
455;  general  nature  0(1^^,2;  vni- 
ation,  24 ;  elasticity,  25  ;  tcmpoi- 
ture,  31 ;  currents  in,  197 ;  fbraitf 
the  electric,  27 1  :  shower  of  stoaei 
from,  459  >  refractkms  in,  516 
Atmospheric  air,  observations  on*  ir,  f', 
water,  ib.    14;    carbonic  scid,t9i 
unknown  bodies,   91  ;   electridtf» 
297 ;  deceptions,  504 ;  reftidia^ 

singular  instance  oC  514 
Atomtcal  system  of  physics^  i,  2l6 
Atropa  beiU  donsta^  properties  €(  f» 

2.50 
Attraction^  on  the  principle  o(i,881} 

of  eleitricity,  vi,  IS,  nature  of  ck- 

mica],  ib.  132 
Avalanches,  accounts  oC  iv.  175 
Avemns,  description  of  the  lake,  iB,6l 
Aurora  borealis,   as  seen  in  Hwhit** 

bav,  iv,  1 17 ;  general  history  of  tk^ 

ib.393 
Australasia, on  the  name,  i,  3l6 
Autun^  a  remarkable  wiim  so  ciM 

iv,  234 
Azores,  volcanic  phenomena  in  tke,ii 

497  ;  island  thrown  up  thefe,ilKdOt 
Azotane,  account  of,  vi,  207 
Azotic  gas,  what,  iv,  6 
Bacon^  Roger,  character  o(  vi,  7;  ^ 

discoveries,  ib.  170 
Baden,  description  of  the  baths  o(ii^ 

163 
Baui«,  scenery  and  antiquities  o(iiv>r 
AuAo/ lake  in  Siberia,  iii,  dS  I 


Salbtck,  temple  of  Hetiopolis  or,  vi, 

497 
S^dwin,  Mr.  lib  alrini  voyage,  Ti,7€ 
Smll«OHi,  L'DDstructioii  of,  vi,  eo 
Salli,  account  of  b I aziug,  iv,  425;  ob- 

aervBtioiis  on  fire,  ib.  400 
SmUam  tree,  docriptioii  of,  v,  77 
Bailie  nea,  on  the  waters  of,  ill,  3ie 
Sanana  tree,  deachbeU,  v,  5$ 
JBauiaa  tree,  account  of  the,  v,  45 
fiMi^,  Sir  Joacpfa,  anecdote  of,   iv,  87 
Saobab,  or  calabash  tree,  described,  v, 

51 
Sarbadoet,  remarkable  cares  in,  Ji,  S 1 
JJarbary,  earthqiinkei  In,  ii,  40 
BttnttUn,  site  of  the  Biitieiit,  iii,  73 
Airi,  different  kinds,  v,  140 
£aromtler,  priaciples  of,  iv.  iH;  de- 

■ccut  of,  143 
BtuTotfi,  account  of,  vi,  506 
Satattts  of  Vesuvius,  i,  354 
Btualtic  bum  mocks  described,  i,  993  \ 
colunius,  general  sccouut  of,  ii,  47 1 
BtUatia,  nuhealtlilneM  of,  v,  S4 
Batk,  (leacriptioii  ofllie  city,  iii,  171 
Balht,  iiichiiiited  ones  ofAlVica,  iii,  lfl3 
Bttcher,  his  characler,  vi,  1 1 
Bte,  natural  history  of,  v,  4S I 
Bttrh,  letlera  fonod  in  one,  v,  31' 
Btet  root,  mode   of  extracting  augar 

from,  V,  8G 
Btjunit,    peculiar  bhtlges    in   South 

America,  ii,  43<1 
Belaanitu,  dcBcription  of.  ii,  1.51 
Bill  metal,  composiHoii  of,  vi,  im 
Bmgorr,  description  ofthc promonto- 
ry of,  i,  273 
Beni  Abbeu,  in  Algiers,  described,  ii, 

49S 
Bettafon,  remarkable  cavern  near,  ii,ad 
Beutlry  ffhaul  in  India,  de»cribed,  ii, 

447 
Bethttda,  observatious  on  the  pool  of, 

Btuly  Frith,  in  Scotland,  described, 
ui,  973 

Birds,  clarification  of  terrestrial,  v, 
337  ')  aquatic,  338 ;  natural  history 
of,  V,  5S5  ;  migration,  640       '• 

fit  KtainoiwfMiDtaio  at  CncDW,iii,  149 


Blackbird,  natural  history  of,  v,  6i3 
Ulatkjaxk,  on  tlie  properties  o^  vi,  1^ 

Blanc,  lieight  of  Mount,  ii,  4 11 
lilaacliard,  the  ai;rial  voyages   of, 
71,-77 

Matting  rocks,  method  of,  ii,  873 
Blmde,  nature  of,  vi,  d46 
Blind  persons,  their  quickueu  of  pevi' 

ception,  iv,  54!> 
Blue  L'olour  of  tliesky,  cause  of,  i 

inouiitaius  of  Jamaica  desci 

ii,  433 
Bolt,  description  of  the  great,  v, 
liogt  in  Ireland,  description  of,  ii, 

origin  of,  iii,  HG 
Bohaa  Vfias,  on  Ilic,  v,  S7g 
Boiling  spriugs,  general  account  o^  ii^ 

104 
Bohffnian  stone,  propertiei  of,  ii,  385  j 

phial,  nature  of,  vi,  1S7 
Bulitna,  cape,  deBcribctI,  iii,  241 
Bmnbi,  construction  of,  vi,  3SA 
Bmiet,  account  of  remarkable,  ii,  15! ; 
enormous  ones  in  Sil>eria,  178;  foe- 
ail,  189;  general  history  of,  ISO;  is- 
lands formed  of^  l<i5 
fioTionio,  remarkable  light  seen  at,  iv, 

41& 
BorrotcMe  in  Cumberland,  deacribei^ 

iii,  aCl 
itory(l/tenp«,  present  atate  of  tlie,  iii,  91 
Boston  in  America,  earthquake  at,  ii,44 
Bolaay,   particular  divisions  of,  v,  I  ; 

Bothnia,  temperature  of  the  gulph  of, 

iv,  33 
Buarbon,  volcanoes  in  the  isle  of,  i, 

477  ;  river  in  America,  iii,  39 
Boari/rt  in  Mavoy,  lake  of,  Iii,  236 
Bovey  coal,  origin  aiid  properties  of, 

ii.  339 
Boylt,  anecdote  of,  vi,  8 ;  characler,  ib. 

10 ;  discovers  phosphorus,  ib.  1 13 
BrackmuKS,  visited  by  Pythagoras,  i,  7 
Bmdlei/,  Dr.  discoveries  of,  i,  33,  43 
Bmmiiu,  astronomy  of  tlie,  i,  34 
Bran,  preparation  of,  vi,  £60 ;  of 

aulients,  on  tlie,  ib.  iJH 
Braybrook,  Northamptouihire,  storm 

at,  iv,  25S 
Braril,  mineral  productioni  o^  ii,  -i^. 
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Bread-fruit  tree  detcribed,  v,  43 ;  of 

the  Hottentots*  ib.  .^9 
JBreesreSf  on  sea  and  land,  iv.  92.5 
Bride's^  St  steeple,  destruction  of,  iv. 

Bridges,    remarkable   ones  in   South 
America,  ii,  43r) ;  natural  one  in  Vir- 
ginia, ib.  439  j    extraordinary  one 
at  Schafhausen,  iii,  *24i    long  one 
over  tlio  Elbe,  06  ;  at  Paris,  30;  of 
8t  Allicr,  169;  of  boats,  vi,  517; 
ruinous  ones,  5^4 
Bristol  wells,  drscription  of,  iii,  174 
Britain,  metallic  mines  of,  ii,  318 
Brirkam,  Devon,  remarkable  well  at, 

iii»  85 
BroHxe  metal,  composition  of,  vi,  986 
,Broselu,  boiling  well  at,  iii,  148 
Broughton,  in  Lancashire,  quarries  at, 

ii,  149 
Buda,  warm  baths  at,  iii,  168 
Buenos  Ayres,  the  mines  of,  ii,  996 
Bujfon,  singular  hy]M)t]iesis  of,  i,  908 
Buildings,  how  to  preserve  high,  iv,308 
Bulbnl,  natural  hibtor}  of  the,  v,  588 
Bull-fight,  description  of,  v,  679 
Bull-finch,  natural  history  of,  v,  698 
Burkkardt,  Prof,  his  observations,  i,l30 
BumeVs  theory  of  the  earth,  i,  95.'> 
Burthens,  force  of  moisture  in  raising, 

iii,  410 
^alfer-i/eir,  phenomenon  of  the,  iv,  159 
Butterfitf,  natural  history  c^,  v,  400 
Buxton  wells  described,  iii,  1/6 
Coder  Idris  in  Wales,  height  of,  ii,  449 
Cadiz,  cartliquake  at,  ii,  39 
CWmt,  his  survey,  i,  301 
Cajeput  tree,  on  tbe  oil  of,  v,  909 
Cairns,  account  of,  vi,  51 1 
Calabash  tree  des<'ribed,  v,  51 
Ca/a6nVr,  c'tftliquakes  in,  ii,  3,  62,  79, 
Calais  mn\  Dover,  union  of,  iii,  301 
Calamine,  pro]>erties  of,  vi,  965  ;  ob- 

serv  itions  on,  ii,  976 
Calamus,  properties  of,  v,  169 
Calico  printing,  the  art  of,  vi,  437 
Caldeira  of  St.  Michael  described,  iii, 

114 
Calendar,  reformation  o(  i   14 
Calf,  observations  on  the  golden,  vi,  4 
Callao  in  South  America,  destroyed, 

i),  9 


CaUnific  repulsion,  on,  iv,  63 
Calgvso,  the  baths  oC  iii*  l62 
Camoridpe  in    New  England,  whirl- 
wind :»t,  iv,  949 
Cameo,  description  of  a  remarkable,  ii, 

957 
Camps,  antient  r.omau,  described,ii,i21 
Canada,  heat  and  cold  in,  iv,  39,  nMe, 
Canal,  the  French   royal,  iii,  97 ;  re- 

markabic  ones  iu  Englaiid,  3  \  36 
Canals,  on  the  constructiou  of,  iii,  5*9 
Canella  tree,  described,  v,  ]  ^Q 
CoMium,  on  tJie  making  of  brass,  vi,  986 
Canary  bird  described^  v,  63 1 
Cananes,  volcanoes  iu  the,  i,  469;  re- 
markable cave  in,  ii,  80;  vioei  U, 
V,  74 
Canterbury  cathedral,  experiments  on 

the  tower  of,  iv,  67 
Caoutchoutf  properties  of,  v,  995 
Carbonic  acid,  nature  of,  iv,  90 
Cardaman  tree,  described,  v,  906 
Ca/>t7^rr  tubes,  observations  on,  iii^ 
Carmartkenskire^  storm  in,  iv,  319 
Carpathian  mountains,  heights  o(ii,409 
Carp,  natural  history  o(  v,  515 
CoMode  on  the  Anio,  iii,  66 ;  maifale, 
919i  in  Dalmatia,  991;  Yordasis 
Yorkshire,  993;  of  Glamma,924; 
Lawdoor,  96 1 
Casearilla,  properties  o(  v,  154 
Caspian  sea,  description  of  the,  iii,  931 
Cassava  tree,  description  of,  v,  54 
Cassini,  account  of  Jjoroinic,  i,  39 
C-assia  tree,  des<Tiptiou  of,  v,  140 
CassouHiry,  description  of  the,  v,  6l6 
Castleton'ni  Derbyshire,  described,ii,f9 
Castor,  on  the  changes  of  the  star,  i,  1 13 
Castor  in  Norfolk,  antient  camp  at,  ii^ 

291 
Catania  in  Sicily,  destroyed,  ii,  6 
Cataracts  of  Scamander,   iii,  51 ;  tfcc 
NUe,  9 13;  Niagara,  9 15;  Fyer^  217; 
survey  of  various,  919;  atScalflisu- 
sen,  991 ;  in  Norway  and  Swedefl. 
999 ;  Lid£9rd  in  Devon, ib;  in  Can- 
berland,  994 ;  on  the  Shannon,  ib.; 
in  America,  995 
Catullus" s  villa,  site  of,  iii,  7 1 
Caucasus,  description  of  the  moantsisi 
of,  ii,  494 

Caiaei(7<iy,account  of  the  giants^  ii,  U^ 


CniKivBvf,  on  bantltine,  ii,  47 1 
CaTendiik,  Mr.  ex|wriiuculi  of;  iv,  <l 
(.'owrn^  briefturvi-y  of  foreign,  ii,76i 

remnrkalile  oim  in  Knijlaiiil,  ib.  HSi 

In-lvad,  9-1 ;  in  tlt^  Ilcbri<les,iHi;ut 

Pari*.  li3;iutheCriia««.4G0.-  tii- 

bnilur,  itH 
Cmek,  ou  Ihe  utiHty  of,  vi,  lA 
Caainyiirt,  hent  at,  iv,  75 
CaxtoH,  William,  ocniuiit  of,  vi,  40.^ 
Ctla.na,  d<3<jriptioti  of  Uie  lake,  iiiu  (13 
Celrstiai  worlJii,  lajuJRftures  on,  i,  36 ; 

orgaiii^calioii  of.  i,  IJI 
CcHu,  mount,  in<flli<Kl  of  |uiuing,  ii, 

413;  dtacrivHouijI',  ih.  41» 
Ctratttt,  or  hooded  umke,  account  of, 

v.  .V77 
Ctrigo,  earthquake  at,  ii,31 
Ctylan,   laoil-witids   in,  iv,   319;  rle- 

]ihBnt-huii(iu,v,i3a9itra(leor,v,iae 
CAfffodoH,  natural  history  of  the,  r,519 
ChaUeaM,  Iheit  astrouomy,  i,  3 
CluMHilmH,  natural  history  of,  v,  b&i 
Chamiilain.  deiicriptioD  of  lake,  ill,  347 
db/t»ui;(,('a[it.EWL'cteiiiiaeB-ivater,  iii, 

37» 
Ckarroal,  iJciitily  of  (liamouil  and,  vi. 


Cktlltnlum,  ilcscription  of,         iii,  175 
Ckttmrat  xlfinity,  nature  of,  vi,  133 
Ci«uiflrjf,  rise  aud  progress  of,  vi,  I  ; 
ill  its  iiifuncy,  W ;  usei  of,  13  -,  pro- 
(Mxal  for  tlie  improvi-nient  of,  Ii 
Ckerrg  laurel,  qualitiisof,  v,346 
Cheeta  Uluii),  deKriptiou  t<  iii,  i37 
Ckrtttftaii  bay  deatribed,  iii,  45 
Chakirt  roi-k-salt,  nix-ount  of,  ii,  369  i 

rviu*rlMl)le  Norm  in,  iv,  ]  %i 
Cktviot  billsi  deKriptioD  of,  ii,  44 1 
Ckimhoraroht  South  America,  docrib- 

e«Ui.490 
China,  aiiliqaity  of  lutroiioiiiy  in,  i,  5 ; 
aci;auut  of  llie  Mnoiouii  stoucs  of,  ii, 
386)  mounlaiun,  427;  riven,  iii.  It; 
cotlon  tree,  v,  M4 ;  cultivalioo  of 
t«a)n,v,]uj;  wall  of,  vi,  4flU 
Ckinete,  tlicir  astronomical  claims  dii- 
put«l,i,34i  tradition  of  tlie  deluge 
amonf!  t)ie,  ii% ;  wbitc  coppor,  vi, 
S(  y  i  lire,  tiow  to  nialu.',  vi,  2 14 


Ckiot,  famous  for  lU  v 
rklarinr,  cxperimctitt  on.  ii.  SOS 
Ckriitupkfr,  liJIIsinftVUcof  St.iJ,  4,<!3 
rAHrcAiVf <  river,efre<Aofcold  in,t»,  114 
CiMMaiHaH  tree,  Hccuuut  of,  v,  119 
CiHtra  moiiiiiain  deccribed,  ii,  ti\ 
CircUt  on  the  t)>ot>c  detiwd,  i,  306 
Cinita  Turchiniio,  ruiiii  at,  ii,  S5S 
CtaiMifieation,  avrtcilMtic.  v,  A 
Ctatpair*,  itciuh  of,  r,  »80 
C/imnfM,  division  of,  i,3li;  trarietialt 

iv,  H  :  eflects  ou  ve^tatiou.  v.  19 
C/ituni>i(u,  source  of  the  river,  iii,  5a 
f'liKkt,  sympathy  in  the  actkiu  of  two, 

iv.  M7 
CleutU,  on  the  solar,  i,  aS ;  rortrattiou 

of,  iv,  113,  116 
CUvifil,  plienomcTioii  seen  iu  tlie  vah 

ot  iv,  sao 
Cm^  nature  and  ori^n  of,  ii,3M;^>- 

plication  of  ens  from,  «t,  89 
mines,  of  Englai:(l,  ii,  »T9i  Ame- 
rica, 316;  Scotland,  SUi  Ireland, 

3eg;   general  description   o(   337'. 

accidents  io,  344 
Cokrm  it*  Captlh  describcil,  r,  59* 
Cobham  in  Surrey,  agiutioa  ofwatar 

at,  ii,  50 
Ceca  plant  described,  ii,  906 
CackiHtal  insect  describeil.  v,  390 
Cocoa  tree,  description  of  the,  v,  lis 
Cod-fiik,  desi  hptioa  vt,  f,  .W4 
Co^e  tree  described,  v,  106;  bow  to 

use,  ib.  109 
CaM,  ctf'ects  of  severe,  iv.  80;  in  Hud- 
t    ion's  bay,  114;  at  (ilnsgow,  U) 
aalditreiim  in  Sntliind,  storm  at,  iv,33U 
Colebniokeds.\e,  description  of,  ii,  3^1 
Colt't  csTe  iu  Barbwiloet,  described,  ii, 

81 
ColoquiniiiU  described,  v,  ao3 
Coleatwm  of  Vespasian,  site  at,  in,  &T 
Colontit  of  lUiodes  destroyed,  ii,  3,  vi. 

ColimJio,  tempernlure  at,  iv,  79 ;  de- 

scripUoii  of  tlic  rout,  v,  1^05 
Colambiu,  voyages  of,  ill,  44 
Calamni,  account  of  basaUtine,  i' S64 
Cambtulion,  on  apontaneotia,  vi.  188 
Comtit,  doctrine  of  Pythngoris  ou,  i. 
S  i  olHcrvatiuLis on Ibst of  IS1 1,  1 14 ; 
conxtrucllon  of  the  same,  130,  I3«  i 
piUKige  ol^  13S  ;  deluge  a*>.nb«d  te 
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the  influence  of  oae,  557 ;  imc«  of, 
i,  53  ;  on  the  solar  agency  in  the  pro- 
duction of,  i,  135 }  general  remarks 

on,  141  . 

Campmuct,  singular  effect  of  thunder 

and   hghtuing  on  at  sea,  iv,  348; 

observations  on,  350;  formatioo  ot, 

568 ;  rariation  of,  377 
C4fndensatiou  of  nebulous  matter,  i,  73 
Candenur,  description  of,  vi,  40 
Cawdor,  natural  history  of,  v,  585 
Cmul9utor$^  description  of  electhCy  iv, 

508 
CansfeUtion^  tables  of,  iv,  37 
Cmifueticut  river  described,  iii,  43 
CansitMct,  description  of  the  lake  of»  iii, 

833 
CamsUntia  wines,  detcriptioD  of,  v,  73 
CmuielUuions,  on  the  names  of,  i,  3 
C#tif  c^um,  method  of  destroying,  !▼»  id 
Cook.  Capt.  his  voyage%  iv,  87,  94, 

lOB;  death,  113 
C«fNniMi  tree,  balsam  of;  ▼,  183 
Cppml  varnish,  how  made,  v,  99S 
Copemints^  account  oC  it  SO 
Copper,  mine  of,  in  Wickk>w,  ii,  277  ; 
Japan,  ^8;  America,  314;  Angle- 
sey, SIS;  Cornwall,  321  ;  Ireland, 
528  ;  experiments  on,  yi,  263 ;  Chi- 
nese white,  vi,  279;  method  of  tin- 
niug,  29^;  plating  and  gilding,  312 
Carml^  production  o^  ii,  277 ;  formati- 
on of  islands  of,  iii,  298 ;  varieties 
ot  V,  353 
Cordilleras  in  South  America,  describ- 
ed, ii,  434 
Cortu-MMiyDonett  whirlwind  at,  iv, 

251 

Comwrnll,  earthquakes  in,  ii,  55 ;  tin- 
works  in,  3^0;  copper-mines,  321 ; 
storms  in,  iv,  320,  324 

CorpuMculitUf  their  doctrines,  i,  217 

Cotopmxi  in  South  America,  descrip- 
tion of,  i,  485 ;  its  height,  ii,  434 

Cotton  plant,  natural  history  of,  v,283 

Courantines,  or  flying  rockets,  how  to 
make,  vi,  23 1 

Cn^  description  of,  v,  48 1 

Cracow,  description  of  the  salt-mines 
at,  ii,  274,  367  ;  bituminous  foun- 
tain at,  iii,  149 

Cranbrook  in  Kent,  phoenomenon  at,  ii, 
51 


Creatio*i,  on  the  Mosaic  accoant,  i,  t  ii 
Cremnit:,  gold  mines  ot,  ii,  286 
Crtuy,  cannon  used  at  the  battle  oC 

vi,  169 
Crete,  labyrinth  iu  the  isle  of,  ii,  77 
Cricket,  natural  history  oi;  v,  391 
Crimea,  curiosities  in  the,  ii,  4^ 
Crocodile,  n«tural  history  oi,  v,  546 
Crotnlecks,  accoant  o^  vi,  512 
Crows,  the  migration  of,  v,  6iO 
CrystaUixaJtion,  system  o^  ii,  2S2 
CrtfStaHoffrapkff,  nature  of,  vi,  14f 
Crystals  of  snow,  on,  iv,  166 
Cuckoo,  natural  histtory  of,  v,  559 
CumbtrUsad^    lakes  of,   iii,  243,  260, 

tempest  in,  iv,  246 
CwrreiUs,  observations  on  under,  iii, 
352;  velocity  o(  392;  atmospheri- 
cal, iv,  185 
Cuttle-fisk,  description  of,  v,  357 
Cymnometer,  its  uses,  iv,  5 
Cyeas,  or  sago  tree,  account  of,  v,  59 
Cycles  and  eccentrics,   hyphothesis  o( 

i,  15 
Dayenkam,  Essex,  inundation  oi,  ii, 

147,  154 
Daillie,  Dr.  voyage  of,  iv,  105 
Dalmatia,  gold  in,  ii,  984 ;  remarkable 

cascade  in,  iii,  221 
Daltom,  Mr.  his  discoveries,  iv,  10,  IS, 

130 
Datmbea,  in  Ediiopia,  lake  o(  iii,  231 
Damp,  in  mines,  observations  on,  ii, 
346;  its  effects  on  hay  Ttck%iv,508 
Dantzic,  effects  of  a  storm  at,  tv,  312; 

mock  sunssten  at,  521 
Dammhe,  description  of  ttie,  iii,  22 
Date  tree,  description  of  the,  v,  65 
DeUnra  stramonium,  properties  of,  v, 

268 
Davy,  Sir  H.  his  discoveries,  vi,  16 
Dead  sea,  description  of  the,  iii,  253 
Deatk  watch,  described,  v,  379 
Deceptions,  on  atmospheric,  iv,  504 
Dee^  source  of  the  river,  iii,  244 
Deeping  fen,  Lincolnshire,  water  spool 

at,  iv.  269 
Deefs  horn,  found  in  an  oak,  v,  315 
Delyovieia,  scite  of  the  ancient,  ii,  229| 

226 
Deluge^  history  and  opinions  of  the,  u 
245 


Dfnbiffi,  viulent  *ionn  at,  iv, 
Dtibi/ikirt,  (iliiEaoraeiioD  in  t 

niiiiu  ot.  ii.  40;  ualural   womltra  at  I  DiuUty,  Mr.  uii  etnbnnLinenta,  iii.377 


iv.52y 
Dtnptnt  water,  deicriplioo  oT,  iit, 
DrtcarUi,  hv])othe>»  of,  i,  16S ;  (h 

dottrinaor,  lb.  216,  »ao 
DtttrU,  «f  Arabia,  describci),  iv, 

or.\frii:a,81 
DtiiffHitg,  on  the  art  of,  vi,  408 
Dttenating  nuhiiliiiice,  vi,  tf07 
DtaealioKi  flood,  obtervatioiis  o 

247 
0«riTf  hill.kt  tlie  Cape  of  Good  Hope, 

ii,  130 
Iiolc,  Df  rbjshirc,  described,  ii. 

84 

mill,  in  Ireland,  iii,  S50 

DtroHikire,  shockii  of  nn  carthquabe 

felt  in,  i.  Mi  rcmarkuhle  well  in, 

iii,  SA  i  cataract  iu,  i'iii   itorm  in, 

iv,3l7 
J>cK>,oi)  the  formation  of,  iv.  190;  but- 

ter  like,  isa 
DMmond*,  ou  the  discovery  of,  ii,  270 ; 

tpeciflL'  gravity  of,  37 1  ;  ou  tbe  seat 

of,  S7.Ji  of  Go  Icon  da,  luiDci  of,3B()i 

reiaarknbte   oues,   301 ;   of  Brazil, 

309  i  dncription  of  Ooriiiab,  Sit ; 

on  tlie  nature  of,  vi,  149 
DulillatioH,   enamiuation   of  mineral 

waters  by,  iii,  204 
Dadana'$  spriog,  Kcoant  of,  iii,  144 
DoU,  io  Switzerland,  view  from,  ii, 

412 
/}(»■«,  account  of  whisperin;r,  iv,  333 
Don,  deacriptiou  of  the  river,  iii,  il 
Doticr,  in  France,  ice  liousc  at,  ii,  82 
Dowr,  communication  belvfeen  Calais 

and,  iii,  301  ;  remarkable  well  at, 

iv,  73 
DrayoWt  wood  or  calamua,  described, 

v,l69 
0niirr\9,  origin  of,  vi.  -MIS 
Driiiir,  disappearance  of  the  river,  iii,  9 
JtroppUg  well  at  Kuareshorougb,  iii, 

283 
BniUt,  on  the  temples  of  the,  iv,  376 
Duck,  ontural  liintory  of  tbe,  v,  645 
Daek-Ml,  a  remarkable  quadruped,  \ 

v,66« 


Diloag,  M.  discovers  tbe  detonating 

substance,  vi,^£07 
DuHMow  ynik,   Ireland,  L-uriositin  of, 

ii,94 
Dunmilt,  description  of,  i,  293 
UhmI,  account  of  a  sbower  of,  iv,  16 1 
Ut/ka,  in  ^lollaud.  dcicriplion  of  tli*, 

iii,  U86 
Oni/im,  descripUou  of  the  river,  iii,  21 
Eagtr'i  eyrie,  in  Cumberland,  iii,  eCs 
Earik,  ancient  measurement  of  the,  i, 
10  i  astronomical  clemeuls  of. the.  i, 
152  i  general  structure  of  tlie^  230; 
cause  of  inequality  on  the,  27 1 ;  ge- 
neral description  of  the,  296 ;  me- 
Ibod  of  tneeiuring  the,   299 ;  form 
of  the,  302  ;  BUperilcial  phenomena 
of  the,  ii,  394 1  on  tlie  tempf-ratiire 
of  tbe,  ill,  107;  structure  of  the  in- 
ternal parts  ofthciv,  377 
Earlkquaka,  cause  of,  i.  330 ;  general 
liistory  of,  ii,   I  ;  chronological  list 
of.  Hi   ascribed  to  electricity,  13; 
great  one  at   Lisbon,  3 1 ;  various, 
45 }  in  Iceland,  iii,  137 
Earlht,  olMervutions   011  metalline,  ii. 

967 
£iul  Inditi,  effects  of  lightning  in,  iv. 

343 
Ehro,  course  of  the  river,  iii,  31 
Hckmi,  observations  on,  iv,  542 ;  re- 
markable, bAQ 
Eclipiti,  ancient  account  of,  i,  3 ;  the 
doi^trine  o^  ib.  t64  i  oftfae  satcllitei, 
S02 
Ecliptir,  ou  tbeobliquity  of,  i,  12 
Ectoti  hill,  Derbyshire,  mines  of,  ii. 

318 
Eel,  natural   history  o^  v,  484 ;  de- 
scription of  the  electrical,  49! 
Egjfpt,   remarkable   mountain   in,   ii, 
499;  description  o^  iii,  14;  on  the 
climate  of,   iv,  77;  magnificent  re- 
mains of  ruinxiu,  vi,  .M7 
Effffpliam,  tbeir  knowledge  in  oslro- 
namy,  i,  4 ;  their  traditions  of  the 
deluge,  247 ;  th«r  mode  of  reckon- 
ing. 203  j  maps  invented  by,   297; 
tlieir  skill  in  chemistry,  vi,  3 ;  art  of 
writiug  among,  365 
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Eltstie  pirn,  properties  of*  v«  *ig!i 
Elbt9  description  of  the  river*  iii,  S6 
Eld^n  hole,  Derbyahirey  described,  ii, 

86  I 

Electric  fluid,' nature  and  properties 

of,  iv.  270$  kite,  invention  of,  da5 
Electrical  torpedo,  described,  v,  488 ; 

gymnote.v,  4^7 
Electrifity,  earthquakes  ascribed   to» 
ii,  IS;  communication  and  velocity 
o^  iv,  273  ;  atmospherical,  907  >  of 
.Chaiiderand  lightning,  300 j  inequi- 
'  Hbriuni,  vi,  17  y  in  motion,  96 
Eyetrometer,  construction  of,  vi,  41 
EUctropkonUj  description  c^^  vi,  $Q 
EUpkant,  fossil  remains  of,  ii,  1-59,  180, 
192;  natural  history  oC  v,  65;  me- 
thod of  catchiu<;,  659 
Elizabeth,  queeu,  her  encouragement 

of  chemistry,  vi,  10 
Elk,  ftwsi!  remains  of,  ii,  203 
EmhanhnenUt  on,   iii,  375 
Emen  or  cassowary,  described,  v,  6 16 
Enamellinp,  the  art  of,  vi,  419 
Encmngiic  parnting^  the  art  of,  vi,  495 
Engraving,  art  of,  vi,  440 
Epicwnu,  doctrines  of,  i,  915 
Epicycles,  deflue<l,  i,  15 
Epsom  mineral  waters,  iii,  178 
Equator,  detinitioii  of,  i,  307,  309 
Equilibrium,  on  electricity  in,  vi,  17 
Equinoxex,  on  the  motion  of,  1,  ]6 
Eratosthenes,  astronomy  of,  i,  10  ;  geo- 

grapliy  of,  i,  91)8 
Erchern,  chemical  works  of,  vi,  9 
Eridanus,  description  of  the,  iii,  77 
Erie,  description  of  lake,  iii,  948 
Etesian  wind,  described,  iv,  917 
Etna,  general  dcscnption  of;  i,  403 ; 
eruptions  of,    xoii  ;    clianges    and 
present  state  of,  413 
£iMfioi»c/fr«,  description  of,  iv,  8,  19 
£tf </ojria,  opinions  of,  i,  15 
Euganean  hills,  desiTibed,  ii,  481 
Evaporation,    ohservations   on,  iii,  9  \ 
mineral   waters  examined   by,  iii, 
905 ;  experiments  on,  iv,  130 ;  cause 
of,  137 
Euphrates,  on  the  river,  iii,  19 
Eira Nations,  remarkable  ones,  ii,  76 
Exhalation,  on  luminous^  iv,  494 ;  on 
the  ^ppeuninesi  501 


Expmuioa,  00  the  laff  o(  lv»  5i 

Facades,  on  basaltic,  i,  9B4 

Faenlae  or  spots  on  the  sun,  describe^ 

i,  44 
Fairy  rings,  cause  of»  v,  316 
Fata  morpina,  description  of,  iv,505 
Fellimg  colliery,  dreadful  accident  st^ 

ii.  344 
Feltspars,  description  of,  i,  517 
FemeliuSf   his   neaaarement  of  tbe 

earth,  i,  308 
Fermgiiupus  waters,  account  ct,  iii, 

184 ;  on  the  action  of,  ib.  977 
Fear,    earthquake  at  tbe  city  U,  n, 

41,49 
Fichtelierg  mountains    in  Germauj, 

described,  ii,  i09 
Fieldfare,  natural  history  oC  v,  692 
Fig  tree  of  the  scriptures,  described, 

V,  48  ;  account  oi  the  common,  48 
Fingal,  descriptiou  of  the  cave  o^  ii,  96 
Fire  balls,  remarkable  instances  o(  ir, 

457 ;  observations  ou,  46o ;  the  cao- 

struction  of  artificial,  vi,  935 
Fires  observationa  od   aobterraneon^ 

i,  963,  330 ;  of  diifereot  coloun,  ri. 

949 
Fireworltf  the  art  of  constructing  vi, 

919 
Fish,  destroyed  by  mephitic  vapoor, 

i,  399 

,  desi!ription  of  the  flying,  t,  596 

Fishetf  shower  of,  iv,  166 

,  natural  history  o(  v,  339 ;  V^ 

ticular  account  of,  ib.  484;  pbos- 
phores(%nt  quality  of,  vi.  113 

Flanders  in  Pcrthsliire,  peat  Uioasesin, 
II,  199 

Flax,  description  of  the  mountain,  ii, 
391 ;  the  New  Zealand,  v,  985 

Fleots  formations  of  rocks  on  the^  i, 
325 

Floodgates,  construction  of,  iii,  389     . 

Florida,  account  of  the  Gulph  o(  iiv 
355 

Flowers,  classificationa  of^  v,  8 

Flmv  moss,  in  Kincardineshire,  ii,  131 

Flnidy  on  the  electric,  iv,  970 ;  on  the 
attraction  of,  vi,  19 

Fluids,  on  tlie  motion  and  resistaBoe 
of,  iii,  387  ;  on  their  change  to  so- 
lids^ iv,  58}  made  lomioous  ^^ 


F/kxioiu,  the  inveotioD  of,  i,  17s 
F«g,  iccouut  of  a  rcmarknbly  deiiK, 

iv,  153  i  in  Africa,  aj? 
Fortttf,   avL'ouiit  of  subtcrrancoui,  ii. 

133.  U6,  Hi,  Vj% 
Formalioiu  of  rockv  daMci  of,  i.  3^2 
Fottil  Temaiua,  general  accouiil  of, 

SOO ;  remarks  on,  ji.  141 ,  iheilN  utid 

itoophitc^  ia.  lis  1  boaeaorouiutali, 
ISl,  IT't;  on  artiUciut,  IS4tpl<uits, 
detvt'iption  of,  ib.;  ori^ii  of  vcge- 
UMv,   169  i  olMcrviitioni   on  f<i»il 
boueid  ISJ I  general  Uidtorj' of.  laSi 
iitciiiiJaandoniunieiits,  S71 ,  ou  th« 
cryitaUizotioD  of,  v,  3 
f oiuitatiu,  iutermiltiiig,  iii,  HOi  tepid 
and  liujling,  1(14;   existence  of  Uiir 
ADimoiiUii,  U'i:  infltmniable,  141 
Frauee,  od  tljc  viues  of,  v,  77 
Frankinctme,   clescrijiliou  of,   v,   176 
FrtMkUn,  Dr>   ou    water    8[>auU,   iv, 
261  ionelei:lricitj',a70)Oi]  tbiiuder, 
and  lightutii);,  SUl  ;  bu  electrical 
kite,  305 
FTog,int\m\  history  of  t])c,  v,559 
Fnfi,  exp«rimcntaoii,vi,  44 
Fnntii/nae,  eacelleut  wine  of,  lii,  243 
f iicMMf,dv8cripiiou  of  the  Iake,iii,(i3 

Fnlgoria  LaaUmaria,  ilcacripliOD  (if, 

V.3B3 
FuljninaliHff  compotitioiu,  account  of 

vvrioui,  vi,  164 
^una,dcacnptiou  oflht,  v,  378 
^V«rt,dcs<.ri|itionofllicfulluf,iii,a)7 
(laliltii,  astrouomical  discoveries  of,  i, 

92  ;  deatlt  end  chararter  of,  iS  ;  on 

the  suction  oftlie  iitu)0(t|iliere,iv,9<) 
(iWwiainn,  on  the  pheiiatneiiii  of,  vi, 

SS .-  Davy's  experimeDtB  ou,  36  ;  on 

the  electrietly  of,  43 
(rWifM,deicriptioii  of  the  river,  ill,  IS 
^^p«t  dcBcriptiou  of  the,  iii,  in 
(SanurrM,  hta  wrial  voyage,  vi,  77;  oji 

the  pRradmle  o^  88 
C«rpHar.  description  of  the.  iii.  37 
CuKiiOiiIhe conversion  ofiir,57 
Gat  ligku,  011  the  application  of,  vi,S8 
G*uttitli,  nil  the  lyitem  of.  i,  it  1  fi 
Csh/.  on  the  wines  of  ancieot,  r,  73 
6ai(U.orludiuuappeiimuei  account  of, 

ii.  Am,  447 
G(uleitrfHlh  cave  described,  it,  SOI 
Gtbrr,  cheittical  works  of,  vi,  6 


Gtnat»r'in  Abyssinia desTibed.  ii,  fit 
GtHfBo,  ciirthqp»ke  felt  at,  ii,44  ;  lake 

or,  iii,  234  ;  flux  and  refluK  in  the, 

343 ;  descripttOD  of  the  city  o(  -iSb 
Gtnoa,  dcacent  of  jvd  utom  O,  iv,  172 
Gtesrmpltg,\utioiy  of,  i,ijt)& ;  phuciples 

of,  303 }  popiiJur  diviwons  of,  315 
Gtologi/,   tsejiersl   systein,  gf,  i,   S^p  1 

qutslions  relative  to,  lb.  t$i        ' 
Gtoguorg,  detlnitiou  0%  i.  9.10 
GeaiHttrjf,  advantages  of,  i,  31 
Georgt,  situation  oflnke,  )li|^47 
Gtorjia,  discovery  of  southern,  )v,9j| 
trrorj/i'HmSMfHSieieineuboftbe.i,  II)  I  j 

otnervatioiis  on.  194 
GermaHO,  sudatories  of  St  iii,  249 
(n!y:«'iiu  Iceland,  iii,  1S9,  137 
Giant'i  eauaewny,  eouutry  atrout  the, 

1,971 1  desctiplioo  of  tlie,  ii,  472 
Giimltar,  description  of  Uicrockol^  ii, 

4^;  fouilboDesiii,  iU  467 
Gil^JftHtieAwell  \a  Yorkshire  deacnb- 

ed,  iii,  86  j  observations  on,  9i 
GiUiaff,tbevt  of,  vi,  3i3 
AiVcnrf,  propcriiesof  Ihebalmof,  v.  178 
&Vni;«r  plant  described,  v.  m 
Glaciert  in  Swisscrlund  describe<^  li. 

410,415 
GlamoMfatcadf,  account  of,  iii,  aa4 
fi/Bci(,  the  (-antouof.<le*cribeil,ii,  415 
Glmgow,  astronomical  observations  al, 

i,  132  ;  L'xtrnorditiarycoldnt.iv,  [!l 
Gliut,  Mr.  bis  journey  to  the  Peak,  I, 


GlBt$,  pbenomenon  of  natural,  i,  S72 ; 

on  the  expaodou  of,  iv,  51  ;  history 

of,  vi,  153  1  properties  of,  157  ;  ma- 

uufncture  o(  IGl  1  blowiitgo^  l(f5; 

used  by  the  Roioaui,  323 ;  art  of 

painting  00,  vi,  412 

Gltti,  Uic  art  of  painting  on,  vi.  413 

GUaet,  art  ofsilverin|;lookiuj(.  vi.3tS 

'Uaftoiibury  wateis,  proprrtien  of,  iii. 


Globr,  flubter 

1,318 


ofUie 


(?foi»,uf  fire- work  how  made,  vi,  235 
f^^wmrii  in  Norway,  described,  iii,  2Sd 
Glory  seen  on  niouut  Realt,  v,  39f> 
ff/uuceirfr.u'Uiipering^Iery  al.iv,646 
CrViw  H-orm,  di-Kriplion  of  the.  v,  SU  , 
Gitai,  natural  history  cdl  V,  417 
(iaUaHila,  diamond  mines  in,  ii|  & 


10 


INDEX. 


GoW,  of  the  countries  producing,  ii, 
2^3,  327  y  rendered  potable,  vi,  4  ; 
o«  th«*  art  of  making,  ib.7  ;  compo- 
sitHNi  of  fulminating,  ib,  185 
Gold-Jinch,  nutural  history  of,  v,  530 
Gold-fish,  desK-ription  of  the,  v,  517 
Good  Hope,  mountains  at  the  cape  of, 
ii,  430  i  reniarkab'.e  wind*  near,  iv, 
•i<K> ;  excellent  wines  at,  v,  73 
(htoilnin  sttndx,  formation  of  tbc,  iii,  ^5 
Gordale  Scar  in  Yorkshire  described, 

iii.  U  % 
Gothmrd,    lingular   marble  found  on 

■lount,  ii,  dH4  ;  descriljed,4n,  418 
Cottenburgh  in  Sweden,  waterfall  at, 

iii,  9i  1 
Gowdar€Wk%  in  Cumberland  described, 

iii,  26^ 
Grnham,  the  inventions  of,  i,  33 
Grampian  hills,  descriittion  of,  iii,  ^0 
Granite,  ground-work  of  the  glolie,  i, 

236  ;  formation  of,  323  ;  method  of 

working,  ii,  281 
Grasmere  water,  Westmorland,  sunrey 

of,  iii,  207 
Grasshopper,  natural  history  o(  ▼,  393 
Gr«ri7attoii,  discovery  of  the  law  oC^  i, 

1C8 
Gravitif,  on  the  Keplerian  theory,  i,  99 
Greenland,  Misi,  her  improvement  of 

painting,  vi,  429 
Greeks,  sMronomy  of  the,  i,  6^  tradi- 
tion of  the  deluge  among  the,  247  \ 
geography  of  the,  29(> 
Grenatla,  volcanoes  m  New,i,  4B5 
Grotto  at  Pausilipo  describied,  i,  510; 
of  Antiparos,  ii,  77  ;  at  Malta,  78  ;  at 
Douse,  in  France,  82 ;  near  Besan- 
con,   ib.  ;  del  Cano,    103 ;  of  the 
8ib\  Is,  iii,  62  ;  of  Neptune,  70 
Guadaiquiver,  course  of  the,  iii,  31 
Guadiana,  in  Spain  described,  iii,  31 
Gumacum  tree,  description  of,  v,  185 
Guardian  frigate,  sufftrings  of  the  crew 

of,  iv,  99 
Guatuixeto,  account  of  the  mines  of,  ii, 

297 
Cuettard,  M.  on  rivers,  iii,  6 
Guinea  worm,  account  of  the,  v,  337 
Gulph  streams,  on,  iii,  305 
Cum  ammoniac  plant    described,   v, 

208  i   Arabic  description  of,  294  ; 

clastic,  295  i  lac,  account  of,  399 


Gum  metal,  oompositioa  oC  ▼!»  2^ 
Bunpowder^  oq  blasting  rocks  by,ii, 
273  j  history   o^  vi,  l6d  ^  oompoa- 
tiouo^  174 
Guns,  antiquity  oi^  vi,  l69 
Gymnote,  extraordinary  properties  of 

the,  V,  488 
Gypsum,  oo  the  formatioDs  oC  ii,  209 
Haemus,    mount,    description  ot,  u, 

402,408 
Haffue,  agitation  of  waters  at  the,  ii,  58 
Hail,  causes  o(  iv,  145 ,  general  nature 

of,  181 ;  storms,  violent  one%  182 
Halifax,  thunder  storm  at,  iv,  314 
Haltey,  Dr.  predictioo  of  a  comet,  \, 
143;  his  experiments  on  evapon- 
tiou,  iii,  4  ;  on  the  ▼ariatioD  of  tbe 
magnetic  needle,  iv,  577 ;  aurora  bo- 
realis,  ib.  394  \  on  lights  in  the  sir, 
400 
Halos,  on  the  phenomena  o(  iv,  517; 
instance  of  one,  ib.  525 
I  Haltiot,or  remarkable vapoan, iii,  171 
Hamilton,  Sir  W.  on  the  eniptioBi  of 
Vesuvius,  i,  343—^74  ;  ha  viotto 
Etna,  ib.  424 ,  his  acoonat  of  tk 
earthquake  at  Mesaina,  ii,  59 
HannibtU,  his  passage  of  the  Alp^  vi 

173 
Harmattan,  wind  described,  iv,  226 
Harrowgate  spring,  natrnv  o(  iii,  177 
Horfz  forest,  remarkable  caves  ii,  'i, 

201 
Harwiekf  chfib  described,  ii,  150 
Hastings,  extraordinary  phenonot 

at,iv,514 
Haifield  chase,  submarine  forest  in,  ii, 
158 ;  water  spoats  seen  on,  iv,tG7 
fTaaAaiis/ spring!  in  Icdand  dcMribed, 

iii,  127 
HaHjf,  M.  on  crystallization,  vi,  147 
Heat  of  the  atmosphere,  on  the,iv,37) 
causes  of,  46;  sources  and  effects  c( 
50 ;  comparative  effects  o(65 ;  vaiit- 
tious  of  local,  67  ;  in  different  cou- 
tries,  74 
Heavens,  construction  of  the,  i,  6I 
//(f^Vief, volcanoes  in  the  New,  i^  M 
Heckingkam  poor-house  set  on  fire^ 

iv,  340 
Heckla  in  Iceland,descriptioDQ4iy447 
Heights^  table  of,  iii,  383 
HelenOf  St.  vokanoei  in,  i,  468 


/fmhant.  rldcriptjon  oflhe  blnck.v.i.TO 
Srrbariiim,  prcpunLtion  aoA  usra  or  a. 

Helicon,  (IcicTiptioD  of.  40S 
UtrcuUHtnm,  dcstructiou  of,  i,  335 ; 
dw'overy  oflhe  ruins  of,  ii,  a«g — e37 
HaxuUa,  remarknbte  cave  al,  ii,  76 
Utrrynian  forut  described,  ii,  £02 
Ittrritu/,  imtutal  history  of,  \.  b'i'i 
Htnthrl.  Dr.  his  nstrDDoniical  diico- 

terin,  i.C3 — 107;  recapitulation  of. 

Ill  i  on  the  chuiifc*  of   the  stars, 

113;  observatiom   on   tlic   comet, 

IH;  on  the  planet  Venui,  I'.S  ;  on 

lunar  voIchiiom,  IKS 
Minfardikirt,  %it,tvD.  in,  iv,  18-1 
HvtUai,  hU  Bstnuiomical  discoveries, 

i,  30 
Siero,  an  the  galley  of,  vi,  hlH 
Bierogtjfpliic  writiog,  oii,  vi,  342 
liinihot,  Uicir  invocation  of  the  Gan- 

^M,  iii,  1 1 
Bt^pmrrhtu,  fail  discoveries  in  a«tro- 

noniy,  i,   13;   geography  iudebteil 

to,  14 ;  the  inventor  of  mapi,  897 
HelMAam,  whirlwind  nt,  iv,  2  jl 
BoUamd,  inundations  in,  iii,  iib;  on 

the  etnbaukmeuts  of,  379 
£aly»*U  in  Flintshire,  (leKrilxxl,  iii, 

175 
Bookrr,  Mr*.  iuodRofpaintiN|{,  VI,  430 
Honqt  dew,  cause  of,  iv,  ]c-S,  Hole 
Hamct,  account  of  ttie  villa  of,  iii,  7S 
Horixon,  defiuition  of  the,  i,  306 
Honu  of  au  enormous  size,  ii,    174, 

found  in  atree,  v,3l3 
Hone,  natural  history  of  the,  v,  QSi 

racing,  anti(|uity  of  it,  6SJ 

Horliu  rircui,  advautnges  of  an,  v,39I 
Hotemrd,  Mr.  on  meteoric  stouei,  iv, 

460 
Buber,  M.  his  observation  on  be«<,  v,4 
Uudton't  bay,  remarkable  well  in,  iii, 

143 ;  description  of,  iv,  39 )  cftects  of 

cold  io,  114;  river  described,  tii.  At 
Human  bc)dies,preservBtionotiii,  1^1, 

lit 
Humhtr,  description  of  the,  iii,  36 
Bvinboldl,  on  the  briglitucss  of  Btars, 

i,  190  ;  on  tlie  mines  of  South  Anie- 


EX.  II 

/fHiiifl-,Dr.onlbssilbaiiei,ii,  ISiion 

the  climnle  of  Jamaics,  iii,  I07 
Huntingitonikiri,  storm  in,  iv,  S44 
Hunlmmn't  steel,  discovery  of,  vi,  303 
Hareti,  description  of  the  lake,  iii,  349 
Unrriravei,  general  cause*  of,  iv,  ^03; 
ill  the  East  liidifi,  iSh ;  on  the  In- 
dian  coast,   838 ;    in  Huutlugdon- 
nhirc,   t4li   at   Brighton.  946;   in 
Norlhaniplonahirc,  £53 
HiittoniaK  theory  of  the  luirlh,  i,  35e 
HngffenM,  hii  discoveries,  i,  ^j  on  the 

planetary  worlds,  SQ 
//wi/i-a^m  giis,  in  the  atmosphere,  iv,  23 
//yifr-iuMlii'f,  principles    "     ' 


'ygran 
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the  molecule!  of,  ii 
the  effusion  of  the  polar,  iii,  396 ; 
extent  of  the  northern,  iv,  46;  on 
the  formation  at,  bi ;  in  the  arctic 
drcle,  103;  field*  of,  iv,  lOCh   111; 
islands,  account  of,  93 
Irtbtrgt,  description  of,  iv,  109 
lerkovtrt,  account  of  natural,  ii.  9t 
IcrUnd,  on  the  volcauoe*  in,  i,  44d; 
bones  of  an  elephant  found  in,  ii, 
199 ;  hot  springa  in,  iii,  1 19 
In  valle}B  in  Swiiserlaod,  ii,  415 
Ickneumnn  insect,  described,  v,  490 
Ida,  description  of  mount,  ii,  40il 
Idria,  quicksilver  mien's  in.  ii,  399 
lerre  in  France,   phtcuomcua  of  tiie, 

iii,  9 
fi/nut  fatui,  general  account  of,  iv,  494; 

observed  in  England,  493 
lUiimittatioHi,  on  spontaneous,  vi,  107 
tmitalire   arts,  knowledge  of  the  an- 
cients iu  the,  vi,  408 
iHcfuinled  baths  in  AfHca.  iii,  l&i 
Itirotnhuilible  ctotb,  uature  of,  ii,  301 
/nJiitn  coasl,  hurricanes  on.  iv,  i39; 
rubber,    account   of,   v,  £95;    ink, 
couipositiou  of,  Sby;  ocntn,  winds 
inthe,iv,  187;  corn,  account  of,  v, 58 
/■dioiu;  on  the  fabtei  uT  (lie,  t,  5 ;  an- 

ti<)uity  of  letters  among  the,  vi,  37 
Iitdigo  plant  described,  v,  987 
Indue,  course  of  the  river,  iii,  ID 
liiduiiria,  ruins  of  the  aucient  dty  of, 

ii,  «9 
Iiirqialiliee  of  the  earth,  i,  986 
inifltbiOHgh,  Yorkshire,  height  ol 


1 


If 


INDE)C 


ink  fifth,  dfscription  of  the,  v,  956 
Inks,  various  kinds  of,  vi,  SB^ 
Insect/,  classification  flf,  ▼,  549,  379 
Jnirstinat  woiins  detcrilied,  v,  .$76 
inundation  of  tht;  Thames,  ii,  147 
innntlations,  ^pxh^tvlX  a(*couiit  of,  iii,eBS 
Ionian  schooF,  doctrines  of  the,  i,  7 
Ipecacttanha  plant  described,  v,  200 
Irthnti,  on  the  bopiof,  ii,  194;  fbasils 
in,  174;  on  the  fossil  elk  dT,  205; 
t-opi^iT  mine  In,  «77 ;   mineralogy 
of, /liH;  nioiintnins  in,  440;  on  the 
lakes  in,  iii,  *226,  2t6  ;  on  (he  tem- 
]>eranrr  of,  iv,  1J>.> 
Iris,  theory  of  the,  iv,  .'jOO;  of  the  lunar 

and  solar,  .ri-2H 

iron,  in  lavns,  i,  .512;   superiority  of 

Swedish,  ii,Q77  ;  in  North  Ameriira, 

51.');  in  Ireland,  3^28  ;  filings,  mag- 

netir,  iv.  370 ;  on  the  Siberian,  484 

Iron  tree,  formation  of  the,  vi,  327 

Iron  works,  in  North  America,  ii,  5 16 ; 

at  Colebrook  Dale,  322 
irridescmt  an'hes  described,  iv,  .526 
/arAia,  description  of  the  island,  i,  348 
Isinglass,  preparation  of,  v,  .'^37 
Islantli,  thrown  up  suddenly,  i,  AQb ; 
formed  of  liones,  ii,  195 ;  formation 
of  coral,  iii,  291 ;  warmer  than  cou- 
tinent^  iv,  89;  of  ice,  in  the  sou- 
thern hemisphere,  90. 
Isola  B<*lla,  description  of,  iii,  239 
Uola  Madrc,  ac<  ouiit  oi,  iii,  240 
Isthmus,  between  Calais  and  Dover, 

iii,  301 
/to/y,  on  the  temperature  of,  iv,  49 ; 

winds  prevalent  in,  191 
Jalap  bindweed,  d«*scri|>tion  of,v,  190; 

medicinal  qualities  of,  191 
Jamaica,  earthipiake  at,  ii,  6 ;  moun- 
tains of,  433 ;  the  temperature  of, 
iii,    107  ;  meteor  seen  at,  iv,  457 ; 
fiepper  tree  of,  v,  12.5;  logwood  in, 
V,  2H9 
Jajyan,  on  the  volcanoes  in,  i,  464 ;  mi- 
neral productions  of,  ii,  2H7 ;  mouii- 
tainii  ill,  427 ;  description  of,  iii,  305 ; 
paper  tree  of,  v,  282 
•/aiHi,  insalubrity  of,  iv,  84 ;  poisonous 

plants  in,  v,  279 
Jean,  St.  de  Port,  description  of,  ii,  420 
•/erMM/em,  ruins  and  present  appear- 
ance of,  vi,  .519 
Jesuits'  bark  described,  v,  146 


JezsOf  on  the  Btraita  oC  iiit  305 
Jocose  shrike*  detcriptioii  ol^  v,  589 
Johns,  St.  near  Keswick,  described, 

in,  284 
Jormllo,  the  volcano  of,  i,  480 
Jnpiter,  elements  of    the   phuet,  '\ 
158  ;   view  of  the  hearem  fnm, 
193 ;  eclipses  of  the  satellites  oC  20t 
Jnm,  on  the  mountaiiiB  o(  ii*  416 
Kadsi,  or  paper  tree  described,  v,  2IS 
Kamschmtca^  yolcanoes  in,  i,  465 ;  hot 

springs  in,  iii,  l6l 
Kcntncky,  state  of  the  proviBce^  iii,  40 
Kepler,  on  the  diacoyeries  of,  i,  25 
Kermcs,  or  scarlet  dying  Insect,  v,  3^ 
Kcrjfn  Bryn  In  Wales,  dtiscribed,  ii,  4M 
A'AumierN  wind,  account  of,  iv,  232 
Kian  Ku,  in  China,  account  <^,  iii,  12 
Kilkennw  in  Ireland,  carem  at,  ii, 94 
Kincardine^  on  the  peat  niosMso(ii,39 
King,  Mr.  his  theory  of  the  dehtgc;  i» 

201 
Kingston^  in  Jamaica,  tempentnre  o( 
iii.  111;  variations  of  heat  at,  iv,  7^ 
Kircher^  his  visit  to  Etna,  ii,  5 
j  Kirkag  river,  cataract  on,  iii,  2S4 
Kist  vaenSf  acconnt  of,  ti,  50j 
Kite,  invention  of  theeiectrkal,  iv,  805 
Knight,  Dr.  his  invention  of  aiapcl^ 

iv,  388 
Konigsberg  in  Norway,  accoont  t£,  v, 

284 
KrahU  in  Iceland  described,  i,  455 
Labjfrinth  of  Crete,  ii,  77 ;  remsitabic 

one,  vi,  477 
Ladoga  lake  descrilied,  iii,  932 
JLsrfy-bird,  natural  hirtory  of,  v,  400 
Lago  Mag^^re,  ac<x>unt  of  tlie,  iii,2d^ 
Lagttna  lake,  in  Italy,  iii,  998 
Lakes,  description  of  picturescioe^  oi, 
50  ;  Vadimon,55 ;  the  LncriBe,  56; 
Avemus,  6l ;  Fucinus,  69 ;  periodi- 
cal, 80;  Zirfcnizer,  97 ;  bitnariaosi 
at  Trinidad,  150 ;  seneral  survey  oC 
231 ;  in  Great  Britain,  S49;  piiti- 
cular,  255,  on  the  salt,  815 
Lama  of  Thibet,  residence  o(  ii,  42 
Lamas  in  Soutli  America,  descripCios 

Lancashire^  water  spout  in,  iv,  963 
iMncaster,  wiuds  at,  iv,  igs 
Land  and  sea  breeses,  iv,  995 
Lmnds,  on  the  formalioo  of  new,iii,^ 
Langumgep  on  the  notation  o(  viy  350 


jMitlace,  lutronciinical  obtervationi  of, 

Lapltaul,  r«inirbiible  lake  in,  ill,  17I 
Lark,  naturul  hiitory  of  the,  v,  GSi 
Lalktm,  Mr.  on  the  carUti|Uake  at  Lis- 
bon, ii,  85;  on  mi  aimoitplierical  rc- 
n^cliou,  iv,  dl4 
lalitHttet  ond  loiigitucli-E,  invcntlDll  of, 


Laurrl  tDouutaini,  in  NoHh  America, 

it,  492 
Laiirv  cerasn*,    poimitoui   quRJity    of 

tUe,  V,  S4(i 

Lava,  ei( Inordinary  flood  of,  i,  309: 
oliservBlioin  oa,  373;  a  river  of, 
4l6;iri»iiii,.5W;varioiiildiidior,5JI 
IjHHiitirr,  meniMr  at,  i,  5,  not* 
LardooT  wntcrfall,  dcw^ribed,  iii,  961 
tjntrenet,  descrJptiiHi  of  tLie  rirfr  St. 

2<ajnrWf  (priiig,  nocoiinlof,  iii,  S5 
Lrad,  found  in  Ireland,  ii,  398 
Ln^tnhaH-ttTttl,    Romau    paveineDt 

found  ill,  ii,  906 
I.,imd  hilh  in  ScoUand.  ii,  S93 
i.rarf  mines  in  Derbjiliire,  phicnonie- 

BDii  in,  li,  46 i  in  Louiaiatis,  not^iiot 

of  it,  314 
Lead  tret,  hov  lo  make  the,  *i,  3^ 
J^alArr,  description  of  mouiilHiii,ii,d01 
/.«i<(i((^faiaobiienialionon  Wales,ii,l9T 
Irmnat,  labjriiilh  of,  vi,  477 
MjrttwilhM  rhurch,  injured  by  ligbt- 

ninf^  iv,  3^4 
i>»n-t  fuiind  in  a  tree,  v,  314 

origin  ot  vi,  Sll 

l^uri.  ateoudt  of  the  baths  of,  iii,  KtS 
Leaden,  agitation  of  waters  nt,  ii,  .'ilj 
tJoantu'  tnouut,  descnptiou  of,  ii,  49fi 
Lieheni,  observations  on,  v,  39 
iAd/ord  wnterfal),  nerouiit  of,  iii,  922 
Lipmlhin  river,  sour^  of  the,  iii,  6S 
Light,  on  zodiacal,  i,  93 ;  of  the  stan^ 

187  ;  on  the  »eloiity  of,  I«9 
J,ight-ko»trt,  BU'ouut  of,  vi,  6JS 
lAgkltUnij,  on  the  cause  and  etitrrts  of, 

ii,  lb ;  WnerA  in  blaatiog  roclta,  V*  1 ; 

on  the  clettricitj-  of,  iv,  3i)0 ;  drawn 

from  the  rloufls,  3r>6 ;  how  to  aecure 

buildings  from,  3UH ;  itrange  effects 


LighU  in  the  air.  K,  400 ;  rauritabte 

r«d,4l6;  various  meteorom^  4C7  i 

uses  of  gal,  vt,  %% 
IJnu,  dfntrui.-tion  of  the  city  of,  ti,7, 8 
Lime  stone,  nature  oC  ii,  479 
Lime  water,  uses  of,  iii,  Ittg 
IJHealuMrr,  foasil  remain*  found  to, 

ii,  166;  Roman  antiquities  in,  <l7i 

water  spout  in.  iv,  iGQ 
Linen,  ink  for  marking,  vi,  SitB 
Liuuofu,  his  s)item  of  plants  v,  17  i 

liit  claamAcatioii  of  animali^  397 
Lion  I  hill,  at  (he  Cape  of  Uood  Hope, 

li,  430 
Liptwi  islands,  volcanoes  In,  i,  435^ 

water  spout  seen  near,  iv,  S66 
Liqioriet  plant  dncribed,  v,  149 
Lisbon,  account  of  the  earthi|uake  at, 

ii,  31 
£((erat<irT,  aril  connected  with,  *i.  338 
Lithoyrajiki/,  or  Mane   engrafing,  art 

of,  ii,  444 
Loadttonw,  oIjtHTvalionB  on  the,  i,  9d3 
Lobtler,  natural  liialory  of  (he,  v,  4S0 
LiK-k  Lcveti,  account  of,  iii,  94.^ 

Lumond,  docriplion  of,  iii.  96a 

New,  description  of;  iii,  911,  979 

Tay,  agflHllmi  of,  iii,  987 

LeruO,  natural  history  of  the,  v,SS4 
Logaritkau,  invention  of,  i,  30 
LoggaK  stones,  acoiunt  of,  vi,  506 
La^ood,  uses  of,  v,  980 
JLoire,  course  of  the  river,  iii,  97 
Lamhin,  stars  visible  at,  i,  90S  ;  mean 

temperature  at,  iv,  7S 
LoHpevilw,  iiistaneea  of.  iii,  971 
Longittiae,  ou  the  invention  of.  i,  997  i 

on  the  difTerence  of,  308 
Lengh  Lene  in  Ireland  deicribed,iU,94 
Loaffk  Neagh.  the  scenery  of.  iii,  446, 

974 
Loviuana,  lead  mine*  in,  ij,  314,  317 
Lftria,  St.  volcanic  remains  at,  i,  491 
Lntretitt  ou  Etna,  i,  4U6 ;  on  the  Nilt^ 

iii,  Ifl;  on  hot  spniigi,  140;  on  mag- 
netism, iv,  391 
Lacrine  lake  doeribed.  iii,  S6 
Lndrirran,  Cornwall,  storm  at,  iv,  391 
Lalif,  Raymond,  his  doctrine^  vi.  9 
Lamen  Boreale,  uhserrations  on  the. 
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INDEX. 


Lunmr  mountains  described,  i,   194 ;  ^ 
rainbow  in  Derbyshire*  iv,  b'iQ 

solar,  period,  i,  3 

Lunmrdi,  his  atrial  voyage,  vi,  74 
Luxor,  ill  KgM>t,  ruins  of,  ri,  499 
lAfcuL,  description  of,  ii,  4^ 
Xafoiu,  Israel,  character  of,  iv,  109 
Mmtcaw,  description  of  the,  v,  595 
Mmce^  on  the  oil  of,  iv,  1^ 
Mackarelf  natural  history  of  the,  ▼, 

506;  on  the  shining  o(  vi,  106 
Mtu^kenzie,  his  journey  to  Iceland,  i,447 
MtdutfOMcmr^  gold  in,  ii,  'iQi 
MiMer^  on  the  uses  o^  v,  291 
Mttdeim,  earthquake  at,  ii,  42 ;  on  the 

wines  of,  v,  75 
himdnd,  earthquake  at,  ii,  38 
MffdideiCs  cave,  in  Camiola,  ii,  279 
ifmgiiligan  rock,  in  Ireland,  i,  285 
Mmffdeburgh  hemispheres,  what,  iv,  29 
Mufffietical  experiments,  iv,  387 
j|fc^fi«^i>  neeille,  variation  of,  iv,  377 
MmgnHinn,  principles  of,  iv,  362  \  the- 
ory of,  vi,  r>0 
Magnets,  construction  of  artificial,  iv, 

388,  39 1 
Malabar,  v^  inds  on  the  coast  of,  iv,242 
Malaga,  on  the  wines  of,  v,  77  - 
Maler  lake,  in  Sweden,  iii,  233 
Malta,  grotto  in  the  isle  of,  ii,  78 
Maize  or  Indian  com,  uses  of,  v,  58 
Mam  Tor,  in  Derbyshire,  ii,  83 
Mammoth,  discover}'  of  the  bones  of 

the,  ii,  178,  198  ;  description  of  the, 

v,  Mj 
Manehineel  tree,  described,  ▼,  265 
Manati,  aircount  of  the,  v,  6.^ 
Manetho,  the  history  of,  vi,  367 
Mangertan,  in  Ireland,  descnptioo  of 

the  valley  of,  i,  291  j  height  of  the 

mount  of,  ii,  446 
Manioc,  or  cassava  tree,  v,  54 
Manna  tree,  description  of,  v,  132 
Manuscripts  found  atllerculaneum,ii, 

246,  description  of  a  remarkable, 

vi,  «287 
Maple  sugar,  how  made,  v,  84 
Maps,  the  inventor  o^  i,  297 
Marble,  how  smoothed,  ii,  281 ;  in  Ire- 
land, 329;   various  kinds  of,  383; 

elastic,  384 
Marble  cascade,  account  of,  iii,  219 
Marroniers,  or  the  inhabitants  of  the 

Alpi^  ii,  413 


Mmrroans,  ooutmctxm  ci,  vi,  226 
Mars,  observatioDs  od  the  planet,  t,  26; 
astronomical  elements  o^  157 ;  pe- 
culiarities in,  199 
Marsden,  Mr.  bis  accoont  of  a  fog,iv,159 
Martin  Meet,  Cheshire,  antiqaitiesa], 

ii,  161 
Himuaehngetts,  iron  in,  ii«dl5 
Matlock^  Derbyshire,  springs  at,  iii,  1 76 
Mauritius,  inundatioD  in  iht  ide  o^  iii, 

283 
Mamtf  Mr.  on  diamonds,  vi,  301 
Majfoeasfha  lake  described,  iii,  253 
Mayolm^  description  of  the  valley  o( 

i,«91 
Mag  fly,  account  of  the,  r,  414 
Meatwrment  of  the  earth,  i,  1 1 
Measures  and  weights^  table  of  andest, 

vi,600 
Mechanical  scienceSy  h  istory  of,  vi,  465, 

535 
Meduwell  in  Northamptonshire^  coM- 

ncss  of,  iii,  143 
Medhurst,  agitation  of  water  at,  ii,50 
Medicinal  plants,  ▼,  132 
.— ^^  waters,  general  view  oi^  iii,  l6l 
Mediterranernn,  evaporatioD  of  the,  iii^ 

5;  winds  in,  iv,  191;  water  apouti 

in,  262. 
Mendip,  description  of  the  cavenis  d, 

ii,  90  ;  on  the  coal  mines  €€,  280 
ilffpAtlic  vapours,  obsenrations  oot  ii» 

108 
Meqmn€2»  earthquake  at,  ii,  41,42 
Mercury,  observatious  on  tiieplsMC 

i,  149;  length  of  the  year  in,  19i 
,  on  the  solution  ol^  iii,  197 ; 

cifectsof  the  atmosphere  on,  iv,29; 

preparation  of,  SO ;  on  AilminatiB^ 

vi,  1 86 ;  divisions  of^  3 1 7 
Meridian,  definition  of  a,  i,  307 
Messina,  earthquake  at,  ii,  59;  optiol 

deception  at,  iv,  509 
Metallic  trees,  how  made,  vi,  326 
Metallurgy,  general  principles  oi,  n, 

246 
ilfetaZf,  art  of  working,  ii,960;  on  Ac 

expansion  of,  iv,  51 ;  division  €(  t^ 

285 
Meteoric  stones,  history  of,  ir,  568»473 
Meteors,  extraordinary,  iv,  427 ;  ose 

seen  all  over  Enguind,  432;  of  a 

flaming  sword,  43 1 ;  fiery  onei»  44ii 

accompanied  with  balla^  457 


!an,  agronomical  obHrvatiom  of,  i, 

fu,  calendar  of  tbc,  \,35;  hiero- 
a  of,  ri,  3M) 
ztFD,  volcaanMK  ii>,  i,  479  i  mines  of, 
i.  893;  like  of;  iii,  914 

n  luiiieral  apriuga,  iii,  I67 
hill,  St.  phKuomeuon  St  the  isle 
C  i.  503  i  oil  the  Calilcim  of,  iii,  1 1 4 
•htffon,  deacriplioii  of  ttic  lake,  iii, 
1 

cll,Mr.  OQ  the  tixeditan,  i,  IBS 
Uleton,  Sir  Hugh,  account  of,  iii,  37 
vtion  of  birds,  on  the,  v,  640 
y  nay,  observations  on,  i,  191 
or  lAeios,  situatioD  of,  ii,  77 
Hoilotica,  properties  of,  v,  «94 
U  kingdom,  on  the,  v,  3 
'  ?!/,  remarks  00,  i,  907  i  *;>- 

IS  species  of,  ii,  aCy 
If  infra  J  waters,  ^neral  view  of,  iii, 
1  161 ;  domcKtic,  171  i  ou  analysing, 

iKncfigeneral  view o^ii, 274;  ofGreat 
I  Britain,  379.318;  of  Europe,  983: 
L  in  Alia,  !iS7;  Africa,  99i ;  of  Ame- 
i  licB,  ib. ;  Mexico,  £97  ;  tlic  United 
s,  S 13 ;  in  Ireland,  336  i  quick- 
~ "    j   account   of  coal,  337 ; 
r  deKiiptionoriheEalt,366 
Viuinf,  observatioDS  on,  ii,  873  ;  on 
>'  terms  in,  270;  process  of,  280 
Miraga,  or  optical  delusions,  iv,  .M)5 
■fiiTort,  on  metallic,  vi,  :i!9i;  on  burn- 
ing, 458 
Rfiniy,  docriptian  of  mount,  ii,  433 
*Mi'M«I  bird,  account  of  the,  v,  G'M 
Iffiaiiiipi  river  described,  iii,  39 
Mitl,  iDcideutal  arches  in  a,  iv,  5i& 
MUtral,  a  wind  in  the  Alps,  iv,  934 
JlfuI(,caiuesof,  iv,  US 
Meebing  bird  descrii>ed,  v,  694 
JUodena.  ancient  remains  of,  iii,  896 
Motria,  on  the  lake,  vi,  498 
JVe/(l^ a  pernicious  vapour,  i,  397  i  et 

RclB  of  tlie,  ib.  403 
Moiilurt,oa  the  force  of,  iii,  410 
Jlfa'ceNJ((Ofice,on  the,  ii,  382 
MoUiuwta  worms,  described,  v,  356 
MoMAej>,oflhepreacher,  V,  649 
jl/oHA>(nu,of  the  Indian  ocean,  iv,  186; 

causes  of,  301  ;   account  of, :;  11 
M^Magna  Nuovo,  iu  the  Lucnue  lake, 
1,349 


Mantgolfifr,  Messrs.  ii 

loon.vi,  06 
MonUtrral,  vokaoir  mountains  oi,  i, 

4gs;  monastery  of,  vi,  503 
MoHumtHlal  antiquities,  vi,  .^05 
.>fnuii,obaervationsouthc,i,  IS  ;  hbra- 
lion  of,  14;  elements  of,  |R3;  volca- 
noes ill,   IS3;  mountsini  of,  194; 
rivers  iu,    196;  ecUps(-s  of,  300 ;  iu 
fluence  on  the  tides,  iii,  3;ju 
JUoon,  mountains  of  the,  ill  Africa,  tl, 

439 
MooM  deer,  exlinctioo  of  thr,  ii,  177 
Itlorai,  or  eemetry  and  temple  of  the 

Australasian  iBlaiids,  vi,  494 
Moriigue  bath  in  Portugal,  ii,  433 
Morocco,  earthquake  in,it,  433;  seal  of 

the  emperor  of,  vi,  3M 
jUiwucaccountof  Ihecreation,  i,  944; 
of  the  deluge,  946 
I  MoiambioM  channel,  monsoons  in,  iv, 
313 
Moseiialt  beck,  Wrslillorlnlld.  til  2.>i5 
Itlotei,  llie  inventor  of  leElm,  vi,  Xit 
JUouei,an   bo^  niid  j>eat,  ii,   ilB~.   n 
Scotland,  1^1  ; of  Kincanline,  I39i 
irruption  of  the  Solv^ay,  i39 ;  pre- 
servative power  of,  1 43 
Iffolher  of  pearl  shell  described,  1 
JUuthi,  description  oW.  "  " 
Motion,  on  circular,  i,  I 

of  the  earth,  on  the,  iv,  197  % 

jtioiiottt  of  the  planets,  i,  308  ■    _ 

MoHntaini,  on  the  luoar,  i,   194;  tot-~ 
mation  of,  1,340;  on  primilive,  ii, 
395 }  on  the  sulphur,  458 ;  descrip- 
tion  of  the   chief,  403 — 440  ;  fra- 
qucncy  of  rain 
Miilei,  the  sagacity  of,  ii,  43S 
Mulfravt,  voyage  of  Lord,  iv, 
Multivalite  shells,  account  of|  v, 
jVur(([liracid,efflcacyof,iv,  34 
Mutir,  ancieut  manuscript  on,  " 
Miuquito,  description  of  the,  v, 
Mi/laua,  the  remains  of,  vi,w;} 
Myrrh,  account  of,  v,  163 
MifTtle,  the  candle-berry,  v, 
JUyiure,  high  lands  iu  the,  iv,  3'M 
Namti,  derived  from  situations,  i,3I3 
A'diiiin,  porcelain  tower  of.  vi,  500 
\apifr,   his  invention  of  logarithms, 

1,30 
Napln,  alamiingftateof,  i,  359  i  earth- 
quake* at,  377  ;  meteor*  at,  iv,4l6 


;  fbr- 
ive,  ii. 

;  fra- 
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Nmiurf,  wise  provisioD  o(  y,  SI 
NmhUIus,  description  of  the,  v,  365 
Nmrml  arcbitei'ture,  history  o(  vi,  515 
Nebiiltt,  obscrvatious  OQ  various,  i, 

6iJ,  108 
Needle,  on  the  variation  of  the,  iv,  537  > 

olMervatioiiA  on  the  magnetic,  3B7 
Needie*  c\e,  Derbyshire,  ii,  8i 
A'«^ro,  anecdote  of  a,  ii,  30H 
^ephile,  mount,  described,  ii,  407 
Neptunt,  description  of  the  {grotto  o( 

iii,  70 
Neptunian  theory  of  the  eartli,  i,  ie36 
iVcff,  a  river  in  t'lauders,  iii,  906 
Neujfchatel^  earth<|uake  at,  ii,  43  ^  lake 

of,  iii,  ^36 
A'fno,  course  of  the  river,  iii,  %^ 
Newcastle,  description  of,  ii,  338 
New  Forge  in  Iceland,  storm  at,  i  v,  3 14 
New  (irenada,  volcanoes  at,  i,  485 
New  Hebrides,  volcanoes  at  i,  406 
New  river,  account  of  the,  iii,  37 
New  York,  eartliquake  nt,  ii,  45 
Newton,  Sir  Isaac*,  account  of,  i,  169 ; 

philosophy  of,  24 1 
Nmpmroj  the  falls  of  described,  iii,  315 
Nieper,  account  of  the,  iii,  41 
Niper,  source  of  Uie  river,  iii,  1 8 
Ntifkiingale,  description  of  the^  v,  633 
Nightshade,  varieties  of  the,  v,  si50  \ 

remarkable  efl'ects  of,  45 1 
Nile,  soun^e  of  the,  iii,  13  ;  description 

of,  15  ;  inundations  of  the,  16;  cata- 
racts of  tite,  413 
Nimosa  plant  described,  v,  404 
Nitric  acid,  solutions  in,  iii,  107 
Nitrous  gas,  experiments  on,  iv,  8 
Nook,  history  of,i,  446;  vi,5l3 
Nodes,  definition  oi,  i,  408 
Norfolh,  antiquities  in,  ii,  44 ;  fiery 

whirlwind  in,  iv,  454 
Northamptonshire,  earthquake  in,  ii,  42; 

•ea-shells  found  in,  150;  storms  in, 

iv,  454  ;  efiects  of  lightning  in,  3 17 
Northern  hemisfihere,  congelation  in^ 

iv,37 
North  polar  regions,  cold  of  the,iv,  100^ 

106,  111 
North  river  in  America,  detcribed,iii,44 
North  west  passage,  conjecture  on,  iii, 

303 
Northwich  in  Cheshire^  salt  worka  at, 
ii,374 


Norwmfft  lihrer  minea  m^  ii^  484 ;  ipriigi 

in,  iii,  ^^i 
Nova  Zembla,  descriplion  ol^  iii,  303 
Nutgalls,  experiineat  with,  iii,  I96 
Nutmeg  tree^  account  of  the,  v,  147 
Nut,  account  of  the  vomica  v,  464 
Oaks,  submarine,  ii»   159:    petriied, 

146 ;  horns  found  in  ooe,  v,  3Ld 
Ohliqua  spliere  described,  i^  310 
Ocean,  varieties  of  tiie,  i,  3 16 ;  divisou 

of  the,  iii,  489 ;  advauces  and  rcces- 

sioiis  of  the,  491 ;  teviperature  of  tbc^ 

iv,  33 
Oehreous  earths,  remark  on,  i,  443 
OAio.  fossil  bones  at  the,  ii,  153b  198; 

description  of  the,  ii^  40 
OHf  its  eiffecta  on  the  wave%  ii^  339; 

of  the  cajeput  tree,  v,   400 
Oheg  hoUf  bottecaetahire^  dcKfibei 

ii,90 
Olive  tree,  account  of  the,  v,  67 
Olives,  how  preserved,  ib.  68 
Oij^mpus,  description  of  "»^'"*^  Ut^ 

of  the  Myssiaos,  443 
Omine,  a  remarkable  moimtaun  in  Ja- 
pan, ii,  4^7 
Omega  lake,  described,  iii,  d34 
Ontario,  account  of  the  hike  ci4  >>^  M 
Opal,  mines  pf,  ii,  98^ 
Opium  plant  described,  v,  215 
OpoculpasMM,  on  the  guu,  v,  166 
Oporto,  earthquake  a^  ii,  57 
Optical  appearances^  8in|^lar,  iv,  509 
Orang  Outang,  description  of,  v,  617 
Qragan  river  in  Amenca,  iii,  39 
Orellana,  enterprise  of,  iii,  45 
OrhiU  of  the  planets,  on  thc^  i,  907 
Ores,  metals  of,  on  detectings  ii»  47t 
Optics,  Newton  on,  i,  174 
Orickalcum,  of  the  ancient%  vi,  47i 
Orion,  on  the  constcJhUioo,  i.  71,90 
Orizaba  in  Mexico^  volcano  o(  i,  4^ 
Orleans,  account  of  the  iale  of,  ii^  41 
Orbit,  diometer  of  the  eartbX  i,  IVQ 
Or  Moulu,  on  gilding  in,  vi,  315 
Oronooko,  description  of  the,  iii,  44 
Orthoceratites,  a  pctrelactioo,  ii,  151 
OscilUftiont  of  the  pendulum,  00  tktf 

i,154 
Ossa  mount,  described,  ii,  407- 
Ostrich,  natural  history  of  Uie,  v,  Mi 

method  of  hunting  the^  61 1  i  tie 

American,  61 6 


Otrrgo,  roiine  of  the  river,  iii,  948 
OUaiaae.  ruin  of  the  lowti  uf,  i,  305 
Omit,»iia»iutot'rokanh;i,i«t 
Oi,  iialurni  liislory  of  thi!.  v>  676 
(A^&r(MJrr,ngJlat)oii  nrwnteniiii,ii,.'i3 
Onicy  isle  iu  Keut,  fonuatioD  oribe, 

iii,*J»3 
Or*  pye  iitdiuitife  of  a  storm,  ii,  tfl 
Oxjtgin  gut,   rvperimPTiU  011,   iv,  G\ 

emilttMl  by  plantt,  2i 
OrjrixHriafiVari'/.coDipCHition  of,  iv.34i 
UgtttT  Atltt,  rcniarkabk-  beda  of.  ii,  1 49 
Panflf  orrau,  obscrvniioit*  on  III p,  iii, 

amf  1  Ifnipcrature  of  the,  iv,  3« 
PatUrbirra,  of  the  spriugs  of,  iii,  83 
Podaa,  mrleorieen  nt,  iv,4l7 
Painting,  history  of  (heart  of,  vi,  410; 
ou  glim,   419;   cncauitic,   4tfd;  of 
paper  fauiigiiigi,  -ISO 
Paltat,  oil  the  planet,  i.  193 
Pallas,  pror<S90r,  arcouiit  of,  ii,  4S7 
Palm  oil  tree  descrit'^,  v.  1 19 

nine,  liow  prepared,  v,  1 19 

Puivu,  arL-ount  of  the  isle  of,  i,  M>S 
Palmifra,  aituatiOD  of,  iv,  8 1 
Pafffatit,  description  of  mount,  ii,  402 
Pmptr,  art  of  making,  vi,  838  " 

of  IheancieDli,  vi,  386 

I  ■■         nautilui, de«cription  01 

L  ' tree  of  Japan  deK'ribe 

I  Prnpyri,  discovery  of  ancient,  ii,  fi4d 
~   W/ozoftbe  ti^edHtar»,i,58 
u  celestial,  i,310 
•*ltKilrt.  account  of,  vi,  504 
iBon.iv.SOfl. 
at  Sudbury,  593; 
t  Lyndou,  M* 

subterranean  caves  at,  ii,   ilj; 
ic  petrifactions  of,  90J 
M,  account  of  mount,  ii,  40H 
natural  liiitory  of  the,  v,  ,^l 
iiitiiioftlie  protiioiilory  of,  ii^3 
I  Aiigloey,  deacribed. 


Pearl  muscle,  descriplion  of,  v,  360 ; 

fisheries,  account  of  the,  370 1  iiaii- 

lilns,  v,  360 
Pml  moau-s,  account  of,  ii,  HE) 
Pebblct,  origin  of,  ii,  SRC 
Ptckham,  meteor  seen  at,  iv,  4-1! 
Peerku  pool,  phffioonicaon  in,  ii,  51 
Ptiimi  lake,  deacriplion  of,  iii,  23'2 
Pelitm,  ducriptioN  of  mount,  ii,407 
PnitWi«(Aii¥,exlialalioai  m,  iv,  SfiS 
PtHdulum,  on   the  inveiitioii   of  the, 

i,  SO  )  ihortcucd  attlie  equator,  1.^4 
Pendulamt,  lympnlhy  oftwo,  iv.  A47 
Peiteiu,  drscriptian  of  tlic  itteuin  of, 

ii,  407      • 
PennuiH-tmncr  in  \\'alei,    height   of, 

ii,  443 
Prit'pwrk  hole,  iu  Clouce«tcrihirc,  de- 

■cribed,  ii,  91 
PaiiiuH'adeBiied,  i,  315 
Pemuylvatua,  earthquake  in,  ii,  45 
Pr/iprr  plant,  descrrptiou  of,  v,   131; 

tree  of  Janiaira,  v,   125 

Ptrch,  natural  history  of  the,  v,  513 
Prriketian  of  the  comet,  on  the,  i,  138  ; 

of  the  planets,  14H 
Perimei,  nccounl  of  the,  i,  914 
t'eriia,  ou  tlie  deserts  of,  ii,  4B2 
Ptniata,  on  the  teaming  of  the,  vi,  377 
PertMire,  on  the  mosses  of,  ii,  I  ay 
Pernijia,  description   of  tlie   take  of. 


Prim&un/h,  situation  of,  iii.  M 
Pttrijmtiout,  remarks  on,  ii,  144;  on 

vegetable,    146;    aliells  and   zoo- 

libytes,  148;  singular ■pecietu^  150; 

Loiiea,  I^i ;  in  the  suburb*  of  Paris, 

a05 
Pttrifijing  spriuga  in  Ireland,  iii,  -ifO 
Pewter,  couiijosition  of,  vi,  ^99 
Ptifnriiti,  bit  ■jttem  of  prcsdamilea, 

1.850 
Phartalia,  on  the  plains  of,  ii,  407 
i'AmJnaur,  know  ledgeof  letters  among 

ilie,  vi.  36s 
PkilodtiuHt,  niT«untof,  ii,  855 
i*Ay';M,  ('apt.  voyage  of.  iv,  101 
PhUgraan  lit  Id  (lescrtbei),  i.5I3 
Pklaghliratnl  :ilkali,  on  the,  iii,  Ipl 
Pilo(j)ADr(tc(Ntil(iues,  account  of.  11,385 
Pkotpkorut  applied  to  the  aMnction 
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of  oxyprn.  iv,  r2;  of  KiinckH,  vi,  \ 

t):>-  on  s')I:ir,  |07 -,  calorizcd,  UOj 

'jiiiiiiiil  aii<l  V('rr(>t:iblf%  ib. 
Pkf/yitf,  history  of  systematic,  i,  214 
JV<A?Mc7/rt,  «a  volrauo  in  South  Anic- 

rii  a,   i.    If  i>  i  journey  to,  ii,  436  y 

roUi  on  the  biininiit  of,  iv,  .Sj 
ricttire  writing,  historic  account  of, 

vi,  S  l'^ 
ricturcf,  fiisrovcry  of  aiicicut,  ii,  •231, 

341 
Tifffurtf  <lcN.Ti|tion  of  tlio,  v,  02.'> 
rUttttt  nioii.it,  ill  Swit/tTlaud,  ii,  417 
Piuiento  trrc,  df'S<  ription  of,  v,  1:23 
jPifcVi  lake,  :i  n -ni'.rkabir,  iii,  1 '>0 

pine,  flosciiptionof  the,  v,  173 

Planctarif  neijuhi-,  on  tlie,  i,  97 
lUauelJt,  coijje«'tnres  on  the,  i,  30;  ele- 
ments of  thr,  140;  ine(|uuhtict  of 
tJic,  ll*);  telescopic,  l6l ;  general 
observations  on  the,  19-2;  on  tlie  re- 
lations of  the,  '207 

FUntain  tree,  clc*scription  of  the,  ▼,  52 
PlanUt  oxyg:en  ^as  imiitted  from,  iv, 

22;  spontaneous  movement  of,  v,  ^ ; 

classiHcation  of,  5 ;  natural  history 

of,  19  j  nutritive,  42 ;  medicinal,  3^ ; 

useful,  '28« ;  metallic,  vi,  32(i 
PlatOf  La,  of  the  mines  of,  ii,  29*2 ; 

course  of  the  river,  iii,  48 
PUtinff,  the  art  of,  vi,  307 
P/iNy  tlie  elder,  death  of,  i,  339 

—  acemnit  of  the  remora,  v,  508 
Plumbago,  proi^ertiesof,  ii,  324 
Plutonic  theory  of  the  earth,  i,  232 
pljfinoHth,  waters  atcitated  at,  ii,  54 
pijfnlimmon,  in  Wales,  d(>scribed,ii,444 
Po,  description  of  the  river,  iii,  32,  77 
Poisons,  account  of  vegetable,  v,  221 
Poland,  salt  mines  in,  ii,  274,  3(>7 
Polar  ertusions,  the  tides  attributed  to, 

111,  33.  > 
Polaritf/  of  magnets,  on  the,  iv,  364 
Pole,  voyages  towards  the  north,  iv, 

100,  111' 
Potyylott  bible,  the  first,  vi,  404;  his- 
tory of  the  Kn|t;lish,  407 
Pot  If  pes,  drscriplion  of,  v,  352 
Pomprii,  dci!>lru(i  ion  of,  i,  Siio;  disco- 
very of  the  ruins  of,  ii,  24H 
2'ont  .V<'r/J  at  I'aris,  described,  iii,  SO 
J'onte  Lujio,  ruins  of,  iii, 70 
Pool's  hole,  UerbvKhin-,  described,  ii,  83 
Porphyry,  singuiur  si>€cicsof,  i,  488 


Portici,  suMcrraiieous  low  b  at,  ii,  95f9 
Port  Roy  alt  Jamaicu,  destroyed,  ii,u 
Portsmouth,  agitatioo  of  water*  al,u,47 
Poringal,  miuerais  of,  ii.  *283 
Pvssidonins,  hia   nieiwureineut  of  tlie 

earth,  i,  1 1 
Pot  metal,  composition  of,  vi,  259 
Potosi,  account  of  th«  mines  of,  ii,  39  ( 
Potowmact  course  of  the  river,  iii,  43 
Powders,  composition  of  fulmiualin^, 

VI,  184 
Pou-erscourt,    in   Ireland,  cascade  at 

iii,  225 
Preadamites,  system  of  the,  i,  2-V) 
Preff'ert,  on  the  baths  of,  iii,  104 
Presters,  or  waterspouts,  account  oC 

iv,  25<> 
Pricr,  an  excellent  painter  oo  ^Ussy 

vi,  414 
Priestley,  Dr.,  discoveries  o(  iv,6 
Prime  numbers,  on  tiuding,  i,-2o3 
Primitire  foruiatioiia  of  rocks,  i,  SH 
Printing,  history  of,  vi,  398 ;  de^il^i 

from  China,  399 ;    iwogress  of  in 

En&^land,  405 
Promontories,  remarkable,  i,  273 
Psalter  of  Meiitz,  account  o^  vi,  401 
Prussian  blue,  origin  of»  iii,  194 
Ptolemy  PhiladelphuMp  institutioDs  of, 

i,9 

the  astrouomer,  account  ci,  i, 

14,  302 
Puddiny  stone  described,  ii,  306 
Pumice,  various  kinds  ot,  i,  520 

btoucs,   remarkable^   i,  -tOi; 

slioal  of,  iv,  1C5 
Pntala,  in  Thibet,  nccouiit  of,  ii,  420 
Pyramidal  ap|jearau«;e  of  the  heaveut, 

iv,  522 
Pyrmerj^  description  of  the,  ii,  419 
Pyrites,  observations  on,  i,  242 
P'yrmont  waters,  quality  of  the,  iii,  l07 
Pyroteckny,  principles  of,  vi,  212 
Pythagoras,  doctrines  o^  i,  7 
Quadrants,  on  tlie  application  of  tele- 
scopes to,  i,  33 
Quadrupeds,  on  unknown,  ii,  178;  ot 
New  Holland,  200 ;  general  descrip- 
tion of,  V,  6-t7 
Qnagya,  natural  history  of  the,  v,  6^S 
Quaf  ries,  subterraneous,  at  Parian  ii,l  to 
Quicksilver  used  in  extracting  silver, 
ii,  298  ;  de8cri|>tion  of  the  mines  oC 
329  j  affecting  scene  in  thc^  .m. 


f.fllG 


I 


PtU  me  in  extnctiiig  goM  ami  silver, 
I' vr,  Sl€;  FxperinieniB ou,  SID;  ip- 
llrd  toniirrurB,a«l 
Ito,  dncrijiliun  of  rlie  cily  oT,  i, 
^4H();  of  lll«  pliin  of,  ii,  434 
arm'/,  iiiitii]uity  at  hi>r>e,  v,  033 
■JH,  its  i-Rei-l  un  rui^ki,  i.dSB  -,  general 
\  oliM-rvMioui  on.  Hi,  3i  experiments 
'.  10;  UilUirs   of,    l4Si  at  tllo 
kc(|uat«r,   l-tS;  oil  mountuiiis,   149; 
\  II  n  muni  fall  of,  iFM;  violent  at  Ufu- 
i  bii^h,  Iftfi;  at  Rjppoiideo,  iMlj  snlr, 
)   |o7  ;  oharrvBtioiia  uu  ibrianip,  iSSj 
h  *oluuii(%  iHli  of  anew  kind,  Itij; 
r  erf  likbci,  166 

■■rit&«ii'i  au   inverted,  vi,  b3-\;  (olar 
'  iftdlimar,  5JS;  luuarouc  iu  Dc^\- 
■.  WO 
[fiyA  DU  the  kciglit  of  moitntaitii, 

nugaU,  optical  (tnwption  nt. 

mJatHaii,  obiivrvalioiii  oil,  i^',  20^ 

Mlr*nak»,  nntunil  hblory  of  Uip, 
ta(  on  the  rattle  of,  669)  on  II 
BCiiialing  powor  of,  b'Q  \  cspcri- 

■ueula  on,  a?  t 
Itajr.    hi*   botaniPi!  sytipm,    v,   10^ 

witty  Kinnrk  of,  v,  3  jU 
XfMfa'njF,  ill  Urrksliire,  phcenomenon 

Bt,ii,n3;  be<!ofojsteratielUaI,l4!) 
Rt-agmtt,  obarrvationB  on,  iii,  ISS 
Ht^  mount,  gjury  ^t^-non,  iv,530 
Hrdbrratt,  natural  hislory  uf  t)if ,  v,&3C 
Htd  ligliti  In  ttie  nir.  it.  4l6 
/(wflnow  itUenou,  if,   I7!i  mi  lliu 

Alpi,  173 
iUfnuttctis,  atmos|ihcricBt  ond  double, 

iT,914,5i6 
J{fjruiiu,fiilcofilicani)]-of,  r,  576 
]l«oUiuiniisland,dciii:iipt]onaf,iii,S.S4 
Xmuth,  description   of  the,  v,  dOB; 

origiu  of  the  fnblc  com^rning,  Al  I 
R*pHitia*,ou  the  power  of,  iv,  ^i  on 

eleclric,  vi,  21 
Rrtiwi,  iu  Italy,  lemurkable  well  nt, 

il,  H9 
SetHmiuff  atroke  in  eictridty,  iv,  35Q 
Kno{Mlioii,rlurB(ionofanderea),i.  147 
JtufkutH  >priiigii  ill  Iceluud,  accoinit  of, 

lit,  110 
JUra,  ur  Atnericiu)  oslritli,  ilm'ribcd, 

V,  6|S 


tthoiUi  dettrayeit  by  on  eartliqiiake,  ii.  2 
Hhodnpe,  docrlption  of  mount,  ii.  408 
Uhoiit.  uccouiit  of  the  river,  iii,  25; 

peeuliiu'  wind  oa  the,  iv,  3.14 
liUUrh,  ilcKriptJOD  of.  V,  106;  two 

HirUof,  198;  purgative  qualilisi  of, 

lot) 
R'b.-ir  in  Ilun^arj'.  b:illis  of,  iii,  |63 
rtw,ontlietuit.in.of,v,30 
Mir/rMdM,  profeator,  death  of,  iv,  333, 

Riclu,  ipootaneouii  combtution  of,  iv, 

Riilr,  in  France,  disappearance  of  the, 

Aiiyoasel,  detcriptiou  of  the,  v.  &i* 
Hingi,  i-aine  of  fairy,  v,  316 
Riulambt,  South  .America,  destroyed, 

i,  4B7 
Rie  JaMtiro,  comiucrcG  of,  ii,  30i 
Rio  dt  tm  I'lata,  dt-sprlptioti  of,  iii,  <tS 
Hiou,  lieuteuanl,  BiilTerings  of,  iv,  fJQ' 
Rippmdon,  violent  rain  at,  iv,  1S6 
Rietrt,  on  (he  course  of,  i,  317 ;  on 
t!ie  origin  of,  iii,  5;  disappearance  of, 
6,  description  of  principal.  10 — V) 
ffoofb,  const  ruction  of  Itonaii,  ii,  137 
RorhfirrI,  phenomenon  at.  il,  M 
Rockrlt.  coustniclion  of,  vi,  iV3 
Hoch,  method  of  blasting,  ii,  975 
Riickt,  description  of,  i.  319i   stntc- 
tnreof,  390;  formation  of,  329 1  on 
volcaiili',  5HH ;  on  the  vegetable  pro- 
dni'tlonnof.v.  Si 
Rerk-briilg*  iu  Virginia,  described,  li. 


of,  iv,  177 
Rugtr  Kaiu's  house,  Derbj'iliirc.  Ii,  85 
Roggtvein,  voynge  of,  iv,  xy 
Rommn  aiitiquitii's  in  Britain,  Ii.  |63. 

SI7.«Sl,e47iat  HercuUiieuiu,  «i9 

empire,  extent  of,  i,  3u^ 

Romaia,  their  Impruvcnienti,  i.  301  ; 

Ihvir  destruction  of  ferests,  ii,   136, 

147;  luxury  of  the,  v,  6lu 
ffamr,  i-avcms  near,  ii,  70 
Amiaiiu.M. melancholy  fute  i>f,  vi,  71 
Roit-kill,  Subsex,  plicnootcnon  iil,  iv. 


Roiia-haii,  (Ubraltar, 


,  41/J 


€0 


INDEX. 


Jioftrate  c  hsctodoR  described,  v,  513 

l?oriVr,  M.  dc,  )iiA;iTial  vo\tige8,  vi,C7 
Ho:/ul  ^oii.  1>,  :u  .-oiiut  of  ihe,  i,  32 

— '. r;ii..'t  !ii  Fruiirc*    iii.  *i7 

RntUUr,  on  tin  ,-»nT  of  the,  iii,  3(>i 
liM/'-iof  IlLTculuiieuin,  ii,  '2>^ 
of  tin    Partbiiiiuui,  ii,  462  3  at 

lvi/r;i,  pr  'i^-  ut*s  oi",  v,  83 

iiufHf'onf,  couiit,  oil  |)re|>ariQg  cofifee, 

V,  M)H 

Rujtrrfs  drops,  nature  of,  vi,  166 
Saorhia,  account  of  thi*  i^lc  of,  i,  !>06 
Smdier,  liin  atrial  voyage,  vi,  73 
Niyo-lrrr,  dc»rrii>tmn  of,  v,  5*) 
Mtura,  account  of  the  desert  of,  ii«  483 
Saint  Pierre^  his  theory  of  the  tides, 

iii,  62'j 
Sa/  ammoniac  in  volcanoes,  i,  526 
Salamaudir,  acTOunt  of  Uie,  v,  5.'>6 
Saline  vvMtcrs,  observations  on,  iii,  185 
Salle  in  Burh'ary,  earthquake  at,  ii,  41 
Salmon,  natun;!  hi.'^tory  of  the,  v»519> 

fishery,  account  of  the,  .ViO 
Salt  mi, its  in  Poland,  ii,  274;  descrip- 
tion oi',  307  'y  works  iu  Chesliire,  369 
Salt  rain^  storms  of,  iv,  157  >  observa- 
tions on,  1  ''8 
Salts,  on  crystallizin);,  vi,  143 
SampJ\mli  'ourtut  y,  Devonshire, stoi m 

at,  iv',ol7 
Satr.ul  wind,  account  of  the,  iv,  232 
Si^nd,  \>hirl^in(l  of,  iv,  254 
Sandal^  description  of  au  ancient,  ii, 

144 
Santorini,  earthquake  at,  i,  499 
Sap  Andre    river,    disappearance  of 

the,  iii,  8 
Sams,  the  aiN;ient  [K'riod  of,  i,  3 
Sutellittt,  oljservations  on,  i,   l6l;  of 
Jupiter,    KWj    of  Saturn,  l67  >  of 
U  ran  UK,  lOS 
Saturn,  aMronoinical  elements  of,    i, 
159;  sitflhtes  of,  l67  ;  disiance  of, 
19(> ,  \ears  of,  193  ;  onUie  rin;;  of, 
iv,  383 
Sancifhons,  construction  of,  \i,  226 
Saundetnon,  Dr.  account  of,  iv,  546 
SausMiire,  i)y^ionietrii:ai  observations 

of,  iv,  IS 
Savoy,  on  the  inhabitants  of,  ii,  412  j 

uiountaneous  nature  of,  414 
Satmahtlft,  source  of  the,  iii,  50 
Siammonif,  properties  of,  v,  188 


Scarborom^t  on  the  waters  €(  ii^  177 

Seanlian  mountains;,  accouut  ot,  ii,  402 

Scarlet  dye  insect*  described,  v,  398 

t  Schaffkansen^  bridge  of»  iii,  24 ;  cati- 

j      nict  of,  22 1 

:  ScketU,  foul  air  of,  iv,  6 ;   the  eodi- 

onicterof,  lO 
SchwartZp  the  inventor  of  gunpowder, 

vi,  168 
Scilljf  ishinds,  changes  iu  the,  ii,  263i 

current  at,  iii,  354 
Srto,  vineyards  in  the  isle  oC  v,  75 
Scoolkill  in  America,  source  o^  iii,  43 
Scotland^  mosa»es  in,   ii,  121 ;  minen- 
logy  of,  323;   mountains  of,  445; 
remarkable  storms  in,  iv,  204, 350 
Sea,  islands  thrown  up  from  the;  i,  493; 
changes  of  the,  ii,  145;  on  gaiain^ 
land  from  the,  iii,  374 ;  advaocei  aod 
recessions  of,  iii,  SQl ;   saltnessoC 
307;  less  heated  than  land,  iv,44; 
mean  heat  o(  74 ;  antient  extent  oC 
V,  27 ;  luminous  appearances  of,  n, 
117,  127 
Seas,  temperature  of  small,  iv,  J8 
Sea-anenome,  description  of  the,  v,36S 
Sea-breezes^  observations  on,  iv,  1 8M^ 
Sea-pinma^  accouut  o(  v,  374 
Sea-water,  mode  of  sweetening,  iii,  366 
Seasons^  on  the  chaugc  o(  rv,  48 
Seine,  ac(!ouut  of  the,  iii,  SO 
Selenitic  origin  of  meteoric  stones,  iv, 

475 
S€lt2er  water,  account  of,  iii,  l6d 
Sene^l  river  described,  iii,  17;  exces- 
sive heat  in,  iv,  75 
Senna  tree,  account  of  the,  v,    137 
Serpents  in  fireworks^  cotistructioo  o( 
^  vi,  225 

Severn,  course  of  the  river,  iii,  34 
Shadows,  names  taken  from,  i,  3 1 S 
Shannon,  cataract  ou  the,  iii,  224 
SItark,  natural  history  of  the,  v,  538 
Sharks  teeth  or  glossopetrae  descritietL 

ii,  149  ^ 

Sheep,  natural  history  of,  v,  667  ;  va- 

iictit»sof,  67'2 
Sheerness,  remarkable  well  at,  iv,  73 
Shell,  mother-of-pearl,   v,  3ti9;    des- 
cription of  the  clamp,  V,  374 
Shells,  on  fossil,  ii,  148  ;  beds  of  o\-s- 
ter,  149;  iuNorthamptoushire,  150 
Ships,  eti'ects  of  lightning  on,  iv,  3 13 
Ship  tcorm^  description  of  the,  v,  ^ 


•VAiVeium  nutlr,phrcnomeiioiiat,ii,53 
SAoal  <t(  futmice-itona,  iv.  HV3 
Sluyerli,  or  voloiiic  glsis  described,  i, 

.■SI I,  518 
Shrepihire,  minei  in,  il,  3^ 
^AoNvn,  vulcanic,  iv,  161 ;  of  fishes.  |66 
Stbtrim,  buna  iu  the  riven  of,  ii,  ITS, 


I<>9; 


a  of,  i 


486 


SUiliaH  divrr.  •rcouut  of  the, 
Sitily,  eartiitiiiikei  ill,  ii,  fi,^ 
SUtrtml  rtwlHtioit,  dur«Iioii  or,  i,  147 
•Vicrni/nmiiaiouiitiiiiiBdescribed,  ii,4^ 
Silk-vortn,  iialurml  history  of  the,  v, 

4i>7i  ou  the  culture  uC  4IU 
Silrer  mnn  in  Norway,  ii,  984;  in 

Potoii,  J94,    melliod  of   working, 

993  i  in  Ireluiid,  3^7  ;  on  fulmiuat- 

■UK,  vi,  143 
aUver-lref,  mcUiod  of  making,  vi,  337 
Smoom,  a  peatileiilial  wind,  iv,  i3i 
Soiai,  dewription  of  mouul,  ii,  42A ; 

on  the  ilfved  of,  iv,  so 
Sirm,  natuRil  hialory  of  the,  r.  Mi 
Sirocco,  a  dMlruoIive  wind,  iv,  3^3 
Skiddnw,  iu  Cumberlaud,  dncribed,  ii, 

441 

Sky,  un  tlie  blue  colour  of  the,  iv,  5 ; 

oiitliccleBrneui>rthe,60;  ouhghts 

ill  the.  497 
Sky-hrk,  natural  historj-  of  the,  v,  639 
SmiHtUJoktU,  volcRuii-  peak  of,  i,46i 
Smit,  description  of  the  riitUe,  v,a66i 

the  homed,  S77 ;  the  hooded,  5S4 
Sitotti,  nature  of,  iv,   l6fl;  quantity  of 

WHtcrei|uul  to,  I6i4;  mode  of  forma- 

tioa  of,  I?!!;  red,  174.  3)  avalanches 

of,  17^1  a  family  buried  in  th«,  177; 

of  the  appcutiiiiea,  exhalatioua  on, 

SOI 
Snotedmiyia  Wales, detcribed,  il, 443 
Solmndrr,  Dr.  anecdote  of,  iv,  B7 
Solar  a^ncy  in  eometic  pheuomeDa, 

i,  IS^i  iris,  a  remarkable,  iv,54d; 

phosphuri,  vi,  107 
^//dtoni.uearNBptes.accountof,  i,AOg 
Solitti,  expansiou  of,   iv,  Al ;  ou  the 

fusion  of,  a6 
Soluliea  of  water  in  sir,  iv,  143 
Solway  mo*f,  irruptiou  of,  ii,  ISS 
Somma,  description  of  mount,  I,  306 
SifjfTiiru.  iu  the  West  Indies,  i,  493 
Soitivli,  un  the  velocity  of,  iv,  9H7 :  on 

the  nature  of, -^J 
Sotik  pokr  ragion^  cold  oC  iv,  Sfi 

■f  ^-"ir^^ 


S/miii,  minerals  ot,  ii,  2i 

or,4ig;  on  the  wioes  of,  v,  77 
Spenliou  metal,  compusi  lion  oC  vi,  SU1 
SpidtTi,  natural  history  of.  v,  iG&;  stik 
spun  from  the,  4(iy ;  Hight  of  the,  47^ 
SpoHffft,  natural  history  of,  v,  S55 
5;)i»ifin«oHi  illuMination,  vi,  I4S 
Soott,  on  the  solar,  i.  44 
fipouti,  water,  on,  iv,  969,  iG<) 
Simuk,  inflnmmabilily  of,  vi.  loa 
Staffk,  description  of  tlie  isle  oC  ii,  i)7 
Slat)'!  hcnu,  enormous,  ii,  174 
£tiinAaf)r,  lord,  on  the  returniug  stroke, 

iv,.')36 
Stitr-Jith,  natural  hialory  of,  v,  361 
Start,  nature  of  the  fixed,  1,  J8;  rela- 
tive si  tuitlion  of  double,  1 13}  twink- 
ling of  the,  lS5i  ohservatioDs  on  thev 
1 89  i  distances  of  tlie.  19O;  hght  of 
the,  ib.;  visible  in  London,  803;  on 
■hootingv  iv,  492 
Slatiuny  luetal,  composition  o^  vi,  885 
StdliiH.  remarkabJe,  ii,  943,  9^1 
Slrtl,  method  of  casting,  vi,  tgs 
.Sfe/brncbukE,  observHtionsoii,  i,  103 
Sterlet,  natural  hbtory  of  the,  v,  537 
SlOHt-heHse,  on  the  temple  of,  iv,  376 
Slana,  of  phoaphorcseent,  il,  38A ;  ou 
aouorous,  336-,  remarkahlc  baij,  jr, 
1 89.  181;  shower  of,  459 ;  history  of 
meleoi  ic,  468  ;  anolyna  of,  473 ;  ori- 
gin of,  473;  on  buruing,iv,  445  ^ 
Stoma,  violent  one  in  Denbighshire, 
iv.  155:  at  Hipponden,  156;  in  Sus- 
sex, 1^7;  reiRaTkablefaail,  189,181; 
on  the  course  of.fiOS;  extraordinary 
thunder,  iv,319,  36l 
Strain  of  the  earth,  i,  233}  ou 

973;  of  rocks,  397 
Slrtamntg,  on  luminous,  iv,  4 
Stroke,  on  the  reluming,  iv, 
Stromieli,  account  of,  i,  436 
Slnkftly,  Dr.  on  earthquakea,  ii,  13 
Sturi/eon,  natural  history  of  the,  v,  5S4 
SHbltmnraa  phoenoroena  of  the  gloh 
i.  3 19  j  quarries,  ii,  i  13 ;  trees,  " " 
158;  horiu,l74;  ruins,  958,  9 
Saeker,  description  of  the,  v,  633 
Suetion  of  the  atmosphere,  iv,  99 
Sudburf,  parhelia  seen  al,  iv,  533 
Sufftr,   natural  history  of,  t,  78;  01 
maple, 84;  of  beetroot  83;  cheuii 
cal  properties  of,  87;  Of  wheat,  94 
ition  of  the  cJuWty  ot  ICO 
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Snlphftr,  on  Uio  mouiitiint  of,  i»  458 ; 

hilN  of  ill  the  West  Indies,  49  (;  ball 

of,  iv,  r>H 
SHlphureoia  v:i|iouni,  on,  i,  TiSd 
Sumatra,  rrniurkuhlofoj;:  hi,  iv,   l.^VS 
.SiiN,  iiMiin*  of  tlic%  1,  43;  on  Uie  spots 

in  thr,   \\y  atuiosplierc;  of,  .''>1  ;  as- 

troiioniirai  elcniciils   of,   M-*!*,    dis- 

tanrcs  of  tlit?  pliincts*  from  the,  1 17  ; 

|jarticiil:irmiiarkii  on,  101 
•Su/u,  on  mo4'k,  iv,  !>:<I,.V24;  in  fire- 

\%orks  vi,  >2i4 
Surreif,  |]lHi^nonH>iionc»1>s<rrvcd  iii,ii,4S 
Suxf/uehatina  river  di'scribctl,  iii,  -lii 
SustffXt  agitation  of  waters  in,  ii,  48 ; 

uirti'Oi'8  obsorvrd  in,  iv,  4*20 
Swift,  natural  history  of  thr,  v,  (1^8 
ihritrerlatulf  earthquake  in,  ii,  ^l 
SHHfrd,  niiteor  like  a,  iv,  441 
Sicord-Jish,  natural  history  of,  v,  48G 
Sifcamort  of  the  scripturrs,  v,  47 
Sifmboh,  of  astronomical,  i, 30 
SifmfHithif  in  two  clocks,  iv,  r>47 
KifMthrtis,  olmcrvalions  on,  i,  17-^> 
S^ria,  prcvailinu:  winds  in,  iv,  191 
Stfriauf,  their  letters,  vi,  374 
SytteiM  of  natnral  history,  v,  .*> 
»^Teiitze'u\  I Innjjjarv, excavation at,)i,79 
Table  hill,  at  the  Ca|K'  of  Cvood  llofK', 

ii,  4J0 
TMrt,  on  the  ]n<lian,  i,  .3 
Tabor,  d<*sKTii>tion  of  nicmnt,  ii.  4-2.^ 
Tuvitus,  It  tier  of  riin>  to,  i,  33(> 
TtdUitP  tnt* ,  account  of  the,  v,  308 
7*ainarinr^  tree,  desiTipt ion  of  the,  v,  143 
Tanaix,  on  the  anriciit,iii,  ^il 
Tantfin;  cartiiquakc  at,  ii,  40 
Tannini:,  \irtne  of  inoM  in,  ii,  14^ 
Tantahig^  on  I  he  cup  of,  iii,  81,  87 
Tarunlti^  in  Arabia,  |»ass3go  of,  ii,  419 
Tarantula  spider,  ao'cnnt  of,  v,  4G7 
Tasso,  in  Africa,  swallow(*d  u|i,  ii^  42 
Tanru3,  description  of  mount,  ii,  424 
Tea,  natural  history  of,  v,  101 ;  me- 
thod of  cullivatnig,    103  i    on  the 

trade  of,  h»*» 
Tfak  tre<',  dcacrliilicm  of  the,  v,  300 
7Ws,  fall  of  the,  iii.  224 
Tritsrvpe,  diHovery  of  the,  i,  21 
Telisropir  planets,  on  the,  i,  l6l 
TrMi/fcr(i//i/r  of  the  earth,  iii,  107;  of 

the  fcea,  .s.'>^j ;  of  the  atmosphere,  iv, 

31 ;  definition  of,  54 
Tempttt,  a  rcmarkabie,  iv,  24 


Teneriff,  dcflcripUon  of,  i,  470;  leooml 
of  the  peak  of,  47 1 1  oo  the  viM* 
of,  v,  74 
Terra  mustrmJis,  arcount  of,  iv,  94 

delFuegOfOn  thr  rIiiiiateoCiv,97 

TerrestrM  axis,  iiutatioo  of  the,  i,  SS 
Teuelated  pavement  disi^vered,  ii,  ^ 
TestaceOHM  worms  dascribed,  t,  o65 
TetttoHf  earthquake  at,  ii,  40 
Thales,  arcount  o(  i,  7 
Thames,  remarkalile  as^ilatioD  of  Ibe, 
ii,  />1 ;  inuiidatioo  of  the,  147;  trcfs 
under  the,  I M ;  descriptioo  of,  iii.  Si 
Than,  on  the  take  of,  iii,  243 
Theatre,  discovery  of  an  ancient,  ii,  94i 
Thermometer^  principles  of  the,  iv,  M 
Thibet,  moini  tains  in,  ii,  420 
Thomas,  account  of  the  isle  of  St.  ir,  ^ 
Thorn  apple,  account  o^  v,  260 ;  ib 

virtue  in  asthma,  {?62 
Thrush  kind,  natural  liistor}*  of^  v,6lS| 

the  8on|r,  621 ;  the  mimic,  tiiA 
Thule,  on  the  ultima,  i,  44d;  the  sooth- 

eni,  iv,  93 
Thunder,  on  the  elcclricity  of,  iv,300: 

St  onus,  remarkable,  312,361 
Tiber,  desenptiou  of  the,  iii,  79;  ?roie 

of  the,  iii,  7 1 
Tiberius,  8ing:u!ar  accident  to^  ii,  7(> 
Tieunas,  a  vegetable  poison,  v,  2i)7 
Tides,  on  the  inequality  of,  i,  156;  ta 
extraordinary  one,  255 ;  the  New- 
tonian sy-stemof,  iii,  317  ;  hy|)0tbeKS 
of  8t.  Pierre  on,  329 ;  on  tLe  aerial, 
iv,  40 
Tin  mines,   in  Cornwall,  account  of 
the,  ii,  275;  mode  of  working,  32^*; 
nature  and  properties  oi;  vi,  29a ;  on 
the  purity  of,297;  applied  to  g]asi,S\2> 
Tinder-box,  the  pneumatic,  vi,  99 
Tinian,  account  of  the  isle  oC  iv,  85 
Tinning  copper,  method   of,  vi,  301, 

iron,  307 
Tivoli,  on  the  town  of,  iii,  69 
Toad,  natural  history  of  the,  ▼,  56l; 

fifth,  account  of  the,  53 1 
2'obacco,  on  the  infiwion   of,  y,  231; 
empyreumatic  oil  oC  434 ;  descrip- 
tion oi;30S;  machine  for  windiuc3i<7 
Tola,  on  the  balsam  of,  v,  181 
Tombnetoo,  on  the  caravans  of,  ii,  4Si 
Topical  viinds,  on,  iv,  23^ 
Toplitz,  agitation  of  tlie  tMths  of,  ii,.*i7 
Tomad^oB^  account  of,  iv,  '248 


INDEX. 


95 


Tlirpcda,  of  the  electrical,  v,  tS8 
Tont  del  Greco^  fate  of,  i,  SSS 
TorrictUi,  cii:»4!uven«i  of,  iv,  ^ 
Torrid  zone,  descriptkni  of,  i,  3 14 ;  heat 

of,  iv,  197 
Tortoise,  deccription  of  the  land,  v,  542 
loHchtrood  Umier-iMX  described,  vi,  Dp 
Toumeforfs  botanical  <ysteni,  v,  1'2 
loHrmalimef    electrical   properties  of 

the,  ii,  ^7'i 
Tirade  Miiiils, observations  on,  iv,  185  *, 

account  of,^,  ^7 
Trajan,  the  column  of,  vi,  501 
J'raftsition,  formations  on,  i,  324 
Trees,  on  subterranean,  ii,   133,  154, 

158;  extraneous  substances  in,  v, 

313;  on  metallic,  vi,  3^0 
Trent,  course  of  the  river,  iii,  35 
Trichoda,  des4  ription  of  the,  v,  350 
Trinidad,  pitch  lake  in,  iii,  150 
Tripod,  a  beautiful,  ii,  250 
Troas,  the  hot  springs  at,  iii,  1 17 
Tropical  sea  winds,  iv,  2 1 1 ;  laud  winds, 

210 
Tropics,  diTinition  of,  i,  311 
Trout,  natunil  history  of  the,  v,  523 
Tnmnli,  lit  Mcription  of  various,  vi,  505 
Tanbridye,  waters  agitated  at,  ii,  51  ; 

dfsiTiption  of,  iii,  177  j  on  the  spring 

of,  17H 
Tunffurtiffua,  a  mountain  in  Mexico,  i, 

4ii() 
TurJ-bii(/s  of  Ireland,  iii,  229 
Turpentine,  various  kinds  of,  v,   172; 

on  the  oil  of,  175 
Tatenau,  account  of,  vi,  282 
TtciliylU,oi\  the phaenomenon  of,  i,  188 
Twinkling  of  the  stars,  on  the,  i,  185 
Ttfiho  Brake,  account  of,  i,  23 
'J^phon,  derivation  of,  iv,  2lG 
lister,  gold  found  in,  ii,  327 
1'lswater,  description  of,  iii,  244,  258 
I'niteii  States,  mineralogy  of,  ii,  313 
/  pa*  antiar,  description  of,  v,  238 ;  of 

tin:  Bohau,  279 
Irana,  account  of  tlie  lake  of,  iii,  236 
I'ranibury,  on  the  observatory  of,  i,24 
dYfMti.s  discovery  of  the  planet,  i,  14(i; 

elements  of,  lOl ;  satellites  of,  168; 

on  the  climate  of,  194 
1  re,  Nfr.   his  abtronomical    observa- 
tions, i,  132 
1'ri,  mountainous  situation  of,  ii,  413 
Ltrccht,  situatiou  of,  iii,  25 


Vmennsi,  accoant  of  the  teinple  of,  iii,  73 
1  ormtiM,  observations  on  a,  t,  2l6 
VadimoHj  account  of  the  lake,  iii,  55 
Vaiais,  description  of  the,  ii,  4 16 
Valais,  hot  baths  in  the,  iii,  l65 
Valentine,  Biisil,  chemistry  of,  vi,  7 
Vapour,  observations  on,  iv,  l6;    on 
tlie  ciuautity  of,  19 »  on  the  qualitiess 
of,  1'29 
Variation  of  the  magnetic  needle^  iv, 

377  ;  observations  on,  vi,  !iO 
Vegetable  fossils,    cause  of,    ii,    l66; 
pliosphori,   vi,  110;    )>etrefaction», 
account  of,  140;  |K>isons,  v,  221 
Vegetables,  on  marine,  i,  240 ;  charac- 
teristics of,  V,  1  ;  classification  o(  5 
Vegetation,  observations  on,  v.  20 
Veins  in  rocks,  remarks  on,  i,  327 
Venice,  description  of  Uie  city  o(  iii, 
237 ;  manufactory  of  glass  at,  vi,  155 
Ventaroli,  description  of,  i,  368 
Venus,  atino8])here  of,  i,  46 ;  elements 
of,  151;   observations  on,  J78;   in 
tlie  climate  of,  192 
Verd,  volcanoes  of  Cape  de,  i,  468 
Vermes,  classification  of,  v,  343 
Verona,  curiosities  near,  ii,  191 
Vespasian,  the  amphitheatre  of,  vi,50l 
Vessel,  on  the  velocity  of  a,  iii,  364 
Vesta,  discovery  of  the  planet,  i,  146 
Vesuvius,  eruptions  of  mount,  i,  334,402 
Vilette,  M.  de,  burning  mirror  of,vi,46  > 
Vine,  natural  history  of  the,  v,  70; 

management  of,  7 1 
Vinejfards  in  Britain,  v,  72 
Virginia,  lead  mines  in,  ii,  315;  natu- 
ral bridge  in,  439 
Vistula,  description  of  tlje,  iii,  26 
Vitrifed  m1^it^:r,  observations  on,  i,355 
Vo/canic  formations,  on,  i,  326;  |>eak, 
461 ;  materials,  510;  shouers^iv,  16 1 
Volcanoes,  on  the  lunar,  i,  183,  198; 
general  view  of,  330 ;  Vesuvius,  334, 
402 ;  Etna,  403,  434 ;  Li|>ari  islands, 
435;    Iceland,    446;    Ja|>an,   464; 
Kamtschatka,  465;  New  Hebrides, 
466;  African  islands,  467  ;  St  He- 
lena, 468  ;  Cape  de  Verd,  ib.;  (Ca- 
naries, 469 »  Ikle  of  Bourbon,  477 ; 
Mexico,  479  >  New  Grenada,  485; 
West  Indies,  491 
Volga,  description  of  the,  iii,  20 
Volta,  on  the  electricity  of,  vi,  43  ;  his 
experiments,  47 
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Volter,  a  genus  of  animiilcules,  v,  350 
Tomic  nut,  account  of  the,  t,  26d 
Vorticella,  natural  history  ofthe^v, 348 
Vorticfs,  on  the  (Cartesian,  i,  223 
VulcnH,  on  the  fnble  of»  i,  4^34 
Vnlinre,  natural  history  of  the,  v,  .OS.*) 
TTo/m,  mountains  of,  ii,  442 
irn/ZofChina,  dcscriptiou  ofthc,  vi,  180 
War  imj)rovcs  geography,  i,  301 
>f  ar^Mr/onyBp.on  hierogl  y  phira,  vi349 
WaUhtflaiSf  manufacture  of,  vi,  I6l 
Wmter,  its  eflects  on  the  earth,  i,  237 ; 
on  sweetening  sea,  iii,  368;  on  the 
pressure  of,  38o ;  on  jets  of,  398;  on 
atmospheric,  iv,  14;  expansion  of, 
52;    on   the  evaporation  of,    129; 
ascent  of,  144 
Water  fowl,  natural  history  of,  v,  Gi2 
Wmtersi  of  the  deluge  on  the,  i,  2,*>3 : 
extraonlinary  agitation  of,ii,47>58; 
on  foreign  mineral,  iii,  16 1 ;  methods 
of  anahsiiig,   178;  principles  con- 
tained in,  179;  different  classes  of, 
182  ;  8  N}  noptical  table  of,  212 
WaterspoMtSf  general  account  of,  iv, 
2i»G;  genuine  ones,  20*2;  mimic, 267 
Wares,  on  the  motion  of,  iii,  359 ;  ef- 
fects of  oil  on,  361 
Tf  ffj*,  on  painting  in,  vi,  411 ;  revival 

of^  4^5;  improvements  in,  429 
Wartrce,  de9<.*ription  of,  v,  308 ;  a  new 

vegetable,  J 10 
Weedens  well,  description  of,  iii,  176 


Wicklow  Coppermine  devribed,   iit 

277  ;  gold  in,  326 
Wiqan  well,  Lvica^ire,  described,  iii, 

147 

Window  glass,  manufacture  oC  vi,  lot 

Winds,  account  of  the  cape  of  the,ii,4'i9 

Winds,  on  the  nature  and  oripu  oC  iv, 

185;  on  the  velocity-  of,  196;  cawe 

of  trade,  199;  intensity  of,  205 ;  per- 

cnial,  207  ;  topical,  211;  the  i-Itc- 

sian,217  ;  Khumseen,  222;  Sirocro, 

223  ;  loui^-shorc,  224;  laud  and  sea, 

225;    llaruiattan,  220;   topical  or 

toral,  232;   simoom,  233;  mistral, 

234;   occasional,    235;    transports 

seeds,  v,  29  [iii,  175 

Winifreds  well,  Flintshire,  described. 

Wines,  on  the  varieties  o^  v,  73 

Winters,  remarkably  severe,  iv,  tl7 

Wood,  description  of  petrified,  ii,  148; 

iii,  275 
Woodf  art  of  sculpture  in,  vi,  449 
Woodpeeker,  natnral  hist,  of  the,  ▼,  597 
Woorara,  a  vegetable  poison,  describ- 
ed, v,  236 
Worlds,  conjectures  on  the  celestial,  i, 

36 
Worms,  nat  ural  history  of,  v,  345 ;  of  the 
shi|),  367 ;  shell,  375 ;  intestinal,  376 
Wrekin  in  Shropshire, account  of,  ii,442 
Wren,  natural  history  of  the,  v,  6S8 
Writinff,  origin  and  progress  of,  vi, 
343 ;  claims  to  the  invention  6^363 


Wells,  remarkable  one  in  Devonshire,    Wryneck,  description  o(  t,  641 
iii,   85;    Giggleswick,  86,  92;    at  |  Xerorr/,  his  bridge  of  boats,  vi,  517 
Wigan,  147  ;  Brosely,  148  ;  in  Clcr-  {  Xisutkrus,  tradition  of.  i,  246 
mont,  161);  Bristol,  175;  St.  Wine-    Year,  on  the  E^ptian,  i^  203 
fred's,ibid;    Wceden's,  176;  Bux- 


ton, ibid  ;  Tunbridge,  177 
Wemerian  system  of  mineralogy,  i,230 
Wesel^  course  of  the,  iii,  26 
West  Indies,  volcanic  plienomena  in, 

i,  491  ;  mouiitains  in,  ii,  433 
Wetter  lake,  description  of,  iii,  233 
Wkemt,  effect  of  thunder  on,  iv,  312  ; 

sugar  extracted  from,  v,  92 
Whirlwinds,  observations  on,  iv,  248 
Whistons  theory  of  the  earth,  i,  255 
Whispering  poller ies,  account  of,  iv,  5<t4 
White  mountains  in  America,  ii,  432 


Yordas  cave  in  Yorkshire,  iii,  223 
Yorkshire,  submarine  forest  in,  ii,  I5S ; 
ancient  town  in,  223;  meteor  ob- 
served in,  iv,  441 
Yverdun  lake,  descTiption  of,  iii,  236 
Zamhncari,  his  viiiaX  voyage,  vi,  7 1 
Zealandfi^x,  account  of  the  new,  v,285 
Ziment  copper,  properties  o(  it,  319 
Zine,   applied  in  galvanism,  vi,  45; 
history  of,  214 ;  deMwiptioo  of,  2o9 
Zirhinzer  lake,  description  of,  iii,  97 
Zodiac,  on  the  signs  of  the,  i,  3 
Zoophytes,  natural  history  of,  ii,  148 


Whitehaven,  account  of  the  coal  works  1  Zoophytie  worms  describted,  v,  352 
at,  ii,  340  |  Zuyder-Zee,  formation  of  the,  ii,  145 
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